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Mass
Entries  1000000
Mean    447.1
RMS       533
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�RG6(H$P�14$)(.-T(+9�£h S78(+9¯io�149>9)(+9�GL9 (+GL9>G65#(+9��v(.78(.ik781#-T78(+GI36(+9¯&= S�+?�/%�?=$=-T(+9�b)&= #JTJa&>G6(�A~9)(.-054G6(wZ
&)(.jo14JTGL7TG6149;&)(+J��#1#-0$)(.-T5#(+$=(+9=&)(+9'A��#(+9k7TJ~9=1e"%$'9=GL"0$k7mEY(+G67g5#(+9k?)5O S<=5#(.<> #?)7¢GLJT7.bc<o(K�#1#-¢&= #J
9B� #"%$=J878(�A~-T(+G6549=GLJD5#(.78-0G65#5#(.-07VEhG6-0&�]^C~GL36(wZ{�!j)ZÁA¢³M(.ie7%`%z)©m1#-a #3L36(+* GL*�¬� #361#-0GI*'(.78(.-qi#14*X*H7
(+J_&= #&>?)-0"0$F�+?�(+GL9)(.-R©m(.-0JT"%$=36(+"%$�78(.-0?>9)5�&)(.-_CP(.-0/21#-0*p #9)�d?>9=&F&=(.-�¨R(+9= #?=G65#i#(+G67_&)(.-_A~-8Z
5#(.<>9>GLJTJ8(#z
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�v(.-F:q7T3I #J¹ZÁ�v(.78(.ik781#-��#(.-T(+GL9k7¯$)14$)(+J�AD9�7T&=(+"Tin?=9)54J8jo1#78(+9k7TGL #3�*XG67�&)(.-¯s¿�1#543LGL"%$)i#(+G67 �#149
C~-�� S�+GLJTG6149>JT*'(+JTJT?>9)5#(+9�z��RG6(+JqEhGL-0&X(.-T-0(+GL"0$k7Y&>?)-0"0$¶(+GL9)(+9 *¯�1#543IGL"0$=JT7Y$)(.-%*'(.7TGLJT"%$p5#(+JT"%$=3614J¹Z
J8(+9=(+9��v(.78(.ie781#-p*XG67O54?)7d #?('P�14J8(+9=&)(.-d¬� #361#-0GI*'(.78-0G6(X<�GLJHEY(+G67dGL9�&>G6(X©m1#-TEO� S-07TJ8<o(.-T(+GL"0$=(
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OPERA-3d
Post-processor 2.3
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ECT

BT
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�[y�A7BPN � L8353oBP^tuKTi?83M?8>#A � � T � 4�;iA�ACBP;r�Pw�BK> U�;�AvslLOg�uKTi?83M?8>#A7BP; �#U S�T �8e
?=9>&'&)(+*¡s !#149>J�!eJT78(+*ÒJ81#-T5#7~(+GL9'$)14$)(+J¢sF S549)(.78/y(+3L&X/%�?)-g(+GL9)(a¬_-4�?=*X*d?=9)5R&)(.-m5#(+3L #&)(+9)(+9
tej�?)-T(+9�bnEY1e&=?=-0"0$�@P #&=?=9)5X?=9>& ·¼*'j�?=3LJY5#(+*'(+JTJ8(+9¯ED(.-%&)(+9 i �149>9)(+9�z
�RG6(v/%�?=-Y&=GL(!$=G6(.-D5#(+*X #"0$k78(+9�:v9= #3�!nJ8(+9¶EhGL"0$k7TG654J878(+9 �v(.78(.ie781#-T<o(+J87T #9=&)78(+GL3L(R?>9=&pGL$=-T(!@B(+G[Z
J87T?>9)54JT*'(.-Tin*X #36(¶ED(.-%&)(+9�GI* /y14365#(+9=&)(+9{(.-03 � #?)78(.-T7.zg:v9=JT"0$>3LG6(K�#(+9=&{ED(.-0&=(+9�&=GL(Xik-%G67TGLJT"%$nZ
J878(+9p�!(.78(.ie781#-8ZÁCg S-0 #*'(.78(.-a*pG67mU!GL3L/2(V&)(.-DtnGI*O?=3I S7TG6149d<M(+JT7TGL*X*O7g?>9=&'*XG67m&)(+9;(.-TEq S-T78(.78(+9
f�(.-T78(+9r�#(.-T543LGL"%$)(+9�z)·¹"0$ /^ #JTJ8(�$=GL(.-a&=G6(RED(+JT(+9�7T3LGI"0$)(+9 ·¹9)/y1#-0*X S7TG6149)(+9� #?>JV&)(+* NP(+"0$=9=GI". #3
�v(+JTG6549À£h(.jM1#-07 ]^Na�R£R`¶Â Ó#ÑSÄq�+?>JT #*X*'(+9�brEY1#<M(+GYGL"%$¿*pGL"0$À #?)/h&>G6(¶ADG65#(+9=JT"%$= S/278(+9Ài#149)Z
�.(+9k78-0G6(.-T(#b)&=GL(!/%�?)-q&=G6(h/y14365#(+9=&=(+9}:v9= #3�!nJ8(+9}GL9}&=G6(+J8(.-V:!-T<o(+G67~EhGI"0$k7TG65dJ0GL9=&�ze�v #$=(.-qGIJ87Y&>G6(
�R S-0J878(+3I3L?=9)5;9=GL"%$�7��#143L3LJ87�� #9>&=G65)b�Eq #JP¤8(+&)1e"%$  #?="0$ EY(+G67O�?)<o(.-D&)(+9 £! #$=*'(+9 &=G6(+J8(.-q:!-T<o(+G67
$=GI9= #?=J85#(+$)(+9XE �?)-0&)(#zk½ �?=-D&)(.7T #GL3I3LG6(.-T78(.-T(h·¼9)/y1#-0*X S7TGL149)(+9 �#(.-TEY(+GLJ8(vGL"0$}&= #$)(.-Y #?)/~Â Ó#ÑcÄM?>9=&
&=GL(�&)1#-T7V�+G67TG6(.-078(+9��v1#ie?=*X(+9�78(�/Ì�?)-h&>G6(Htn?)<>J�!nJ878(+*'(#z
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@B?)/y7TJ8j>?=3L(+9±<o(+J878(+$)(+9�zm�R #JXNP1#-T14GL&=J !eJ878(+*�<o(+J878(+$k7X #?=J'&)(+* �q S-T-0(+3[ZÁNB1#-014GL&|]#�YNv`d?=9=&
�.ED(+GaAD9=&=". Sj)ZÁNP1#-T14GL&=(+9 ]^AYWqN!`%bmE!G6(�GL9À:h<><uzm«)z «{&= S-T5#(+JT78(+3L367XGLJ87.z¢:v3L36(�sF S549)(.7TJ8j>?>36(+9
JTGL9=&�J0?)j=-0 #36(+GL78(+9=&�z)�RG6(O?=9=5#(.EO�14$=9=3LGI"0$)(�:v9)1#-0&=9e?=9)5X?>9=&¯&=GL(d¨v-��1��#(;&)(+Ja5#(+J0 #*H78(+9±sF cZ
549)(.7TJ�!nJ878(+*XJ¶]�Ñ#Óeb *¯* @ � #9=5#(p?=9=&±ÑS§nbLª¶* �R?)-0"0$>*'(+JTJ8(.-Ì`_J878(+3L36(+9�$)14$=(X:!9)/y1#-0&)(.-%?=9)5#(+9
 #9pA~9k7ÁE!GL"Tin3L?=9)5O?=9=&I�q #?}&)(+JVt !eJT78(+*XJ.zk�R #JR� #?<�#(.-T(RNB1#-014GL&)/y(+3L&v¤8(+&)1e"%$p(.-%*¯�1#543LGL"%$�7D(+GL9)(
5#(+9= #?)(Xs�(+J0JT?=9)5 &)(+J_s !#149>GL*'j>?=3IJ8(+Jh14$>9)( ¡�?=$=GL36/y(+9= #$=*X(H&)(+JRGL9=9)(.-0(+9F�v(.78(.ie781#-0J.b�Eq #J
GL9�&)(.-hUvG654$nZÁ@P?=*XGL9)14J0G67'!kZÁC~$= #JT(vC~-�� S�+GLJTG6149>JT*'(+JTJT?>9)5#(+9}(.-0*¯�1#543LGL"%$�7.z
�!(.-hte143L(+9)14GL&}GL*²GI9=9)(.-T(+9}�v(.78(.ik781#-a(.-0�.(+?)5#7V(+GL9¶ED(+G6785#(+$=(+9=& $)14*'1#5#(+9)(+Ja½=(+3L& *XG67Y(+GL9)(.-
½)(+3L&=J87�� S-0i#(¯?=*ÃÑ�N�b~*XG67¶tej�G678�.(+9�EY(.-T78(+9 �#149 Ñeb���N�GL9�&)(.-p?=9>*XG67878(+36<> S-0(+9��d� #$)(F&)(+J
tn?)j=-0 #3L(+G678(.-0J;J8(+36<>JT7.z¢�!(.- WatkZ sF S549)(.7¶J8(+3L<>J87'*O?>JTJ.b¢&= �(.-¶GL9=9)(.-0$> #36<�&)(.-X¬� #361#-0GI*'(.78(.-
3LG6(.5#7.b>J81¶*X S78(.-0GL #3LJTj> S-T(+9=&�E!G6(�*¯�1#543LGL"%$�i#149=JT78-0?=G6(.-T7VEY(.-0&)(+9uz>A¢-v3LG6(.5#7h&)(+J0$= #36<¯*XGL7a&)(+*
(+36(.ik78-014*X S549)(.7TGLJT"%$)(+9¦¬� #361#-0GL*X(.78(.-X�+?=JT #*X*X(+9ÅGL*�JT(+36<o(+9�©¢ Sie?>?=*H7T #9=i�zY�!(.- s¯ S549=(.7
J8(+36<>J87VGLJT7aJ81p& �?=9>9¶E!G6(�* �1#543LGL"%$ 5#(.<> #?)7.b�14$=9)(�&= S<o(+G�&=G6(Hte7T S<�GL3LG67 � S7q�+?�5#(./ � #$)-0&)(+9uz
�vGL(}NP1#-T14GL&=JTj>?=36(+9�JTGL9=&¿ #3LJ;@B?)/y7TJ8j>?>36(+9{JT"%$)149J�#14*��v(+JTG6549À$)(.-'J8(+$=-;*p S78(.-0GL #3LJ8j� S-T(+9=&
?=9=&}-T(+&=?)�+GL(.-T(+9�&= #$)(.-a©RG6(+36/^ #"0$>J878-T(+?=?=9=5;GI* s !#149=J !eJ878(+*� #?)/r(+GL9�s¯GI9=GL*d?=*�z):!3I36(_&)-T(+G
NB1#-T14GI&=J�!nJ878(+*'(v]y(+GI9F�q S-T-T(+36ZÁNB1#-T14GI&H?=9=&H�.ED(+GeA~9>&)ic Sj>jM(+9)ZÁNB1#-T14GI&)(�`M<o(+J878(+$)(+9d #?=J=¤¹(Y #"0$k7
tej>?=36(+9ubc&=GL(Y(+GI9'½)(+3L&'�.EhGIJT"0$)(+9 *eb��HN�?=9=&;«)bLªaN�(.-T�.(+?)5#(+9�z4�RG6(a(+9k7TJT"%$)(+GL&)(+9=&=(!¨v-��1��#(a/%�?)-
&=G6(a·¹*'j>?=3IJT*'(+JTJT?>9)5�&)(.-Ys !#149)(+9 GLJ87Y&=G6(}QM�D(+9>&=GL9)5#jo1�EY(.-0\H1e&)(.-q¬_-4�?>*X*O?>9)54J8ie-0 S/27.bk #3LJ81
&= #JV·¹9�78(.5#-0 #3���� ��� b)EY1#<M(+G,�|&=G6(_½)(+3L&)i#14*XjM149=(+9�78(dJ8(+9)ie-T(+"0$k7h #?)/g&)(+*Ðf�(.5 � GLJ87.bm�?)<o(.-&)(+9r�#14*´f�(+"%$=J8(+36E!G6-Tin?=9)54J8j>?>9)ik7h<>GLJa�+?x&)(+9�� #?<�#(.-0(+9�¬H #*X*'(.-09�GL9k78(.5#-0G6(.-T7vEhG6-0&uz>�v(.-�YN,$= S7V(+GL9)( �Y(+9=&=GI9)5#jo1�EY(.-1�#149¯Ñ;<>GLJ	�;Nh*�]^C~J8(+?>&)1#-0 Sj>GL&>G67�� S7TJ8<o(.-T(+GL"%$¶§�
� ����
,ªSÏ�*4`
?=9=&�&=G6(�AqWqNÐ�.EhGLJ0"0$)(+9�«�?=9=& ��Na* ªSÏ���
�� ����
´ÑeÏ%¥#`%zD·¹* ��!<M(.-054 #9)54J8<o(.-T(+GL"%$�&)(.-
½)(+3L&)(.-hGIJ87a&=G6(X�Y(+9=&=GL9=5#jM1�ED(.-h(.7ÁEq #Jh-T(+&>?)�+G6(.-T7.z
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�!(.-RGL9=9=(.-T(�NB(+GI3B&)(+J!�!(.78(.ie781#-0JRGLJ87!*XG67vtej�?)-TiS #*X*'(.-09��#(.-0J0"0$=G6(+&=(+9)(.- �q #?kED(+GIJ8(OGL9>J878-0?nZ
*'(+9�7TGL(.-T7.z+�RG6(~:!-T7u&)(.-��#(.-TEY(+9=&)(.78(+9H�!(.78(.ie781#-T(+9;$B� #9)5#7V�#149O&)(.-u9)1#7 ED(+9=&>G65#(+9H:v? 'P�14JT?>9)5)b
&)(.-m9= #"0$'GL9>9)(+9H�+?>9)(+$=*'(+9=&=(+9;tej�?)-0&=GL"%$�78(Y?=9=&n�#149'&)(.-m9)1#7 ED(+9=&>G65#(+9pte78-0 #$=3L(+9=$B� S-T78(q S<uz
�!(.-YGL9=9)(.-0(q�v(.78(.ie781#-DE!G6-0&;�+?)-¢·¹&)(+9k7TG6=iS S7TG6149 �#149pAD36(.ie78-T149)(+9'?=9=&'CD$)1#78149)(+9¶J81�EhGL(a&)(+9
5#(+3L #&)(+9)(+9¶tnj>?)-T(+9' #?=J �#(.7TJ��#(.-TED(+9>&)(.7.z7�Y(+J8149=&=(.-0J~&=GL(a£a(.i#149=J878-%?)ik7TGL149X&)(+J¢©m(.-078(wlp?=9=&
(+GL9)(+Ja(K�#(+9k7T?)(+3L3L(+9¯�.EY(+G678(+9�©m(.-T78(wl�GI9 �#(.7TJz�#(.-03L #9=5#7!(+GL9=(O$)14$)(dC¢-�� S�+GIJTG6149¯&=(.-Rtej>?=-0*'(+J¹Z
JT?=9)5)zn©m1#-h #3L3L(+*�&>G6(_GL9=9)(.-T(+9 @P S5#(+9� #?=JVC~G6le(+3[Z¼t)GL3LG6�+GL?>*'��� #$=36(.-09'*��?=JTJ8(+9 &=G6(_J8(+$=-q$=14$)(+9
:!9)/y1#-0&)(.-%?=9)5#(+9d #9pte78-0 #$=36(+9>$B� S-T78(~(.-0/%�?=3I36(+9�b�&>G6(Y&>?)-0"0$;&=GL(Vtej�?)-0&=GL"%$�78(YGL9d&=G6(+J8(+* �Y(.-T(+GL"%$�#1#-03LG6(.5#7H] *S§#§pi)¨ !�G6149>GLJTG6(.-T(+9>&)(_tn78-0 #$=3L?=9=5d?=9>&��?)<o(.-hÓ� aª.§ � «p�!(+?)78-T149)(+9�j>-T1X".* » `%z
�!(.-PGL9=9)(.-0JT78(¢�!(.78(.ie781#-gGLJ87u&)(.-u©m(.-078(wln&)(.78(.ie781#-g&=G6-T(.ie7u?=*|&=G6(Dtn78-0 #$=36-��14$=-T(#z.�v?=-0"0$�&>G6(m$)1SZ
$)(Dtej>?)-%&=GL"0$k78(g9= #$)(~ #*|f�(+"%$=J8(+36E!G6-Tin?=9)54J8j>?>9)ik7o*d?=JTJu$=GL(.-�(+GL9_U! #3L<>36(+G678(.-8ZÁCDG[ln(+3L&)(.78(.ie781#-
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Longitudinal beam

In-plane alignment

Multilayer

Cross plate
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Distribution of the mass of the offshell Z - X=1, Y=P=0
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Distribution of the mass of the offshell Z - Y=1, X=P=0
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Distribution of the mass of the offshell Z - P=1, X=Y=0
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 ∫ -1L = 300 fb
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 ∫ -1L = 300 fb
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 ∫ -1L = 300 fb

 = 150 GeVHMeasurement of P’/X and Y’/X -  m
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 = 160 GeVHMeasurement of P’/X and Y’/X -  m
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 = 150 GeVHResults of 240 MC Experiments - m

 ∫ -1L = 300 fb
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 = 200 GeVHResults of 82 MC Experiments - m

RMS x = 0.11

RMS y = 0.04  ∫ -1L = 300 fb
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T9Q1a�<>,n<L5/,nT9<L(DC9.10=Td(+0=:979Zd�zT9Q1535nTR<>(��1(+,35{T9(V7U,/0=Q1795/|1(+0=5=Q1`>(V7� fa��R:9`L5GTd(+0D«�(+038ÂQ1`L`L5/�90=.�T9:9*-,/(
Q1:9532RQ1`LQ179i+<>(+0=(V7�5/.6`L`L(V7�ER�B<>(PZ1(V79Q1:d($��<>Z679Q1`LT9(+�R79<>,3<>.67�X_<>0=T~<L7sTd(V7N9f(+XY(V<L`L<>Z1(V7sFH2�53i=O97R<>,fe
,/(V7sQ17dZ1(+Z1(+24(V7�E
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l{Od.1,/.67d(V7�:979T�}B`L:d.67d(V7p<L7�C90=QSZ1(1ER��.6`L`RTR<>(H��.1�9��`L:97dZ�Td(+0&-k<Li=O-,fe¢��,3Q179T9QS0hT9a�.�Td(V`L`ÙemC [Q1`L`>(
Q17&T9<>(�F_:953,3Q1:953i=O-,/(V<L`LihOd(V7�5/.wQ1`L`LZ1(Va�(V<L7tXH<>(�a�[.1Z6`L<�i=O&Q17dZ1(V7d.6a�a�(V7&XY(+0=Td(V7��)5/.§*SQ1797
a$Q17pQ1:Ri=O�*1(V<L7d(B��.1�9�R`�:97dZ6535/,N[QS0=*1(HQ17�T9<>(H|1(+0h53i=O9<L(VTd(V7d(V7 7I(V<L`�i=Od(V7�Q17dZ1(+24(V7�E-Fk`L`>(+0hT9<L7dZ65
<L5/,BT9Q15�<L7§Cd0=QSZ1($*1.6a�a�(V79Td(N7�(V<L`LihOd(V7seHQ1a ¨{79TdWV:R5/,3Q179T�(+03*1(V797-2RQS0Be�:97dZ1(V`LQ1T9(V7���Q1`L5/.
53i=Od(V<�Td(+,_T9Q15_l{Od.1,/.67§Q1:95VER¨{<L7§}B`L:d.67s<La�,fem��Q179Q1`I8Ç[:9Od0=,�WV:~(V<L79(Va C9QS0=2RQ1:95/,3Q1:95=i=O�:979T
T9Q1Od(+0$WV:&(V<�7d(Va�Z6Q17dW�Q179Td(+03(V7&')(+0hO9Q1`>,/(V7ÒT9(+0C7�QSZSer�6(+,35+EuFk`L5/.�2R`>(V<>24(V7t7-:90$7d.�ihO�b^e
:979Ts«�emAY.65/.679(V7�E���.6`L`>,/(�TR<>(�bc<L7d*1(V`>|1(+03,/(V<�`L:97dZ$(V<�7d(V5_O 0���.1,3O9(+,3<L53i=O9(V7 7�(V<L`LihOd(V795�8 [:d0kTd(V7
F_:953,3Q1:953i=O�(V<L79(V5kTR<>(V5/(+0�7I(V<�`Li=Od(V7�Td(+0B')(+03,/(V<L`�:97dZ�Td(V5��dq�emjk<>Z1Z65$[Q1O97R`L<Li=O�5/(V<L7o��5/.�*SQ1797
79<Li=O-,�Q1:953Z1(V53i=O9`L.6535/(V7�XY(+0=Td(V7o�IT9Q1535�(V5P53<LihO�:9a (V<�7�O 0��4.1,3Od(+,3<L53ihOd(V5 7�(V<L`LihOd(V7�ORQ179Td(V`>,+�
T9Q15�7-:d0�Q17@(V<L7d(V5�Td(+0�')(+*-,/.10=2�.653.67d(V7@*1.1�9�4(V`>,+EYF_292R<�`LT9:97dZ�J�E��!W+(V<>Z1,�T9<L(�')(+03,/(V<L`�:97dZ
Td(V5�bc<L7d*1(V`L5HW+XH<L53ihOd(V7�T9(V7 7�QSZSer�1(+,35B8h[:d0HT9Q15��dq~emj_<>Z1Z65kQ1:d8"D�£ lGQS03,/.67�eH-k<>|1(VQ1:�8h[:d0�«�e
:979T�bÒemFk:95/,3Q1:R53i=O�Z1(+,/03(V797-,+EIFH2R2R<L`LT9:R7dZ�J�E! ~W+(V<LZ1,�T9<>(V5/(V`L2�(P')(+03,/(V<L`�:97dZ�8h[:d0�T9<>( -k<Li=O-,fe
��,3Q179T9QS0=TRa�.�T9(V`L`ÙemC [Q1`L`>(1E� ¢7~8;Q15/,_Q1`L`>(V7~C [Q1`L`>(V7�5=<L79T�T9<>(�')(+0=,/(V<L`L:97dZ1(V7�:97z,/(+0=(V<L79Q179Td(+0�53(VOd0
[Q1O979`L<LihOs<�a ')(+0=Z6`>(V<Li=O§WV:90B�k7-,/(+0=53i=O9(V<LTd2RQS03*1(V<L,BT9(+0k|1(+0h53i=O9<L(VTd(V7d(V7wC [Q1`L`>(1E�-k:d0�Td(+0����R<L7
KS���Dl)eÈ.�T9T�CRQ1`L`nW+(V<>Z1,�Z10\[.1]1(+03(��_7-,/(+0=53ihO9<>(VTd($W+X_<L53i=O9(V7!«4ADCß:979T§bcADCYE�jk<>(+0�XH<L0=Tw<La
8ª.6`>Z1(V7RTd(V7�<La$a�(+0�TR<>(�')(+03,/(V<L`L:R7dZd�9T9<>(�Td(Va �9q�emC9Q1`�`{[Q1O979`L<�i=Od(+0�<L53,+�d|1(+03Xu(V7RTd(+,+E
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�DORQS0=QS*-,/(+0h<L5/,3<L53ihOÒ8Ç[:d0�Td(V7c«4(+038;Q1`�`Hj�;�b^b=; > >A@ @^53<L7RTÒT9<>(sW+Xu(V< Do(+�R,/.67d(V7ca$<>,pO9.Se
Od(Va 7I0=Q17R5/|1(+0=53Q1`L<�a��R:9`L5�:979TU8;(VO9`>(V7RTd(D,/0=Q1795/|1(+0=5=Q1`>(H¨{79(+03Z6<>(1E6�B<>(�Do(+�R,/.67d(V7$*�[.6797d(V7�T9Q15
¨{03(V<>Z679<L5�,/0=<>Z1Z1(+0h7�E)�kQ1TR:d0=i=Oo�GTRQ1535�T9<>(�W+Xu(V< DI(+�9,/.67d(V7&Q1:95UTd(Va�«4(+038;Q1`�`uTd(V5�5=i=O-Xu(+03(V7
jk<>Z1Z65k5/,3Q1a$a�(V7���O9QS24(V7~53<>(�(V<L7d(�, 0-�R<�53i=Od(�b@<�7d*1(V`Ùeu:97RT� ¢a$�R:9`L5/|1(+0=,/(V<L`L:97dZd�dT9<L(�53<>(�|1.6a
�k7z,/(+0=Z10=:979Tt:97-,/(+0=53ihOd(V<LTd2RQS0Ua$Q1ihOz,+E{�B<>(V53(�')(+0=,/(V<L`L:97dZ1(V7�* [.6797d(V7�|1.6a����R<�7�:979T&�Dlne
¨u<>Z1(V7zXY(+03,kTd(V5�W+(+038ÂQ1`L`>(V7RTd(V7 7�(V<L`Li=O9(V795HQS2RO�[Q17dZ1(V7�E��B<>(�FH292�<L`LT9:979Z1(V7�J�E"!�2R<L5_J�E"#$W+(V<>Z1(V7
T9<L(�XH<Li=O-,3<>Z65/,/(V7 Do(+�9,/.67deÈ')(+03,/(V<L`L:979Z1(V7�8h[:d0�(V<L7d(�jk<>Z1Z65ferqsQ1535/(s|1.67ÖK�$Sx&}k(+'&%uTd(V7^�D.Se
53<�7-:95UTd(V5�QSWV<La�:9,3Q1`>(V7 [£�5�7-:R7dZ65/XH<L79*1(V`L5P¥('d�)T9<>(E7I0=(V797-:R7dZ�<�7&Td(+0 3�)@¦9em¨n24(V7d(1�nT9(V7
,/0=Q17R5/|1(+0=53Q1`>(V7�b@<L79*1(V`n¥�¦!:979T§T9<>(��B<L`>(+�9,/.67derq�Q15353(�*,+-+ÈEo�k(V:d,3`L<LihOd(�FH2�XY(V<Li=O�:97dZ1(V7!<L7
Td(+0�Cd.10=a%53<�79T§7-:d0�8Ç[:d0�T9<L($���R<L7�K$C [Q1`L`>(U24(V</.�¦�:97RT0*	+"+nWV:w(+03*1(V797d(V7o�oT9<>(�Q1`L`>(+0=TR<L7dZ65
:97-,/(+03(V<L7RQ179Td(+0�*1.1030=(V`L<>(+03,H5=<L79T�E9�BQ�TR<>(�')(+03,/(V<L`L:R7dZ1(V7�53<�i=O�QS24(+0kQ1`L`>(�03(VihOz, [Q1O979`L<�i=O~53<�79T��
XY(+0=Td(V7�53<L(�WV:97I[Q1i=OR5/, XH<>(�<L7�I vKJMLoWV:d0_��(+�RQS0=QS,3<>.67�Td(V5H�_7-,/(+03Z10=:97RTd(V5D|1(+03XY(V79Td(+,+E9��(V<L79(+0
Td(+0p�di=O979<L,/,/(�Q1:d8kT9<>(V5/(�')(+03,/(V<L`�:97dZ1(V7tTd(+Z10=Q1T9<L(+03,P��.10303(V`LQS,3<>.679(V7�<�7!Td(V7t,/0hQ1795/|1(+0=53Q1`L(V7
bc<L7d*1(V`>|1(+0=,/(V<L`L:97dZ1(V7�T9(+0_�1(+,35H¥p¦2131S�RTR<>(�<L7�FH2R2oERJ�ELK+x�T9QS0=Z1(V5/,/(V`L`>,�53<�79T�E
�B<>($Fk79Q1`0�5/(�.10=<>(V7-,3<>(+03,�53<�i=O§|1.6`L`L53,N[Q179T9<>Z�Q17�Td(+0�Fk79Q1`0�5/(�<L7:I vKJMLÈEo�B<>(p�d<>Z679Q1`LTd(+��79<>,3<>.67
<L53, XH<>(�8;.6`>Z1,4%
5 «�Xu(V<�Do(+�R,/.67d(V7!a�<>,�,/0=Q17953|1(+0=53Q1`>(Va  ¢a$�R:9`L5�6879;: vSx§}B(+'�29W+X�E<6�=9>: K�!§}k(+'Q1:95pT9(Va�«�(+038ÂQ1`L` Td(+0pbÒemAY.65/.679(V7@<�a�l{5/(V:RTd.10=QS�R<LTR<>,N[QS,35/24(+03(V<LihO@? 3A?CB vED�!�EDC_[:90
j_<>Z1Z65/erq�Q15353(V7�:97-,/(+0�K ��!�}B(+'ÐXH<>0hT!T9<L(V5�(+,rXYQ15�Z1(V`L.�i=*1(+03,+�{Q1:d8�K�!w}k(+' 8h[:d0�(V<�7
¨{`>(+*�,/03.67~:97RTwK+xp}k(+'�8h[:90�(V<L7~q 01.67�E
5 �k<L(nW+Xu(V<-�1(+,35Ia�<>,�Td(VaßOI[.6ihO95/,/(V7�,/0hQ1795/|1(+0=53Q1`L(V7� ¢a$�R:9`L54<L7BZ1(+,/03(V7R7z,/(V7 3zemj_(Va$<L5/��OI[QS03(V72R<L`LTd(V7wTR<>(C7�QSZSer�1(+,35+E)�B<>(���(+��QS0=QS,3<>.67�aP:9535P¥ 3 : �ED�#�24(+,/0=QSZ1(V7�E��B<>( Do(+�9,/.67d(V7
a§[:9535/(V7Ö<L797d(+0=ORQ1`>2@T9(+0s�1(+,35s`L<>(+Z1(V7�E�Fk:9i=OÖT9<>(V5/(!��ihO979<>,/,/(wXY(+0=Td(V7ß8h[:d0�*�`>(V<L79(+03(
j_<>Z1Z65/erq�Q15353(V7�(+,rXYQ15_Z1(V`>.�i3*1(+03,+E
5 �k<L( Do(+�9,/.67d(V7Òa§[:9535/(V7t8;.6`>Z1(V79T9(~�di=O979<L,/,/(�(+038h[:R`L`>(V7A%)¥�¦F+"+HG%KID3xJ!��Y¥8KL+-+MG�KID�#��i¡.65N?N'O+-+;MLPÖx�� v��F*,+-+QBR#�!p}k(+'��F6 9 ? > 7TS = MUBßKVvSx�}B(+'�E
5 7�Q1:�eÈ')(+,/.V%�F_:95BTd(V7 Do(+�R,/.67d(V7w:979TsTd(Va 8ª(VO9`L(V79Td(V7s ¢a���:9`L5 XY(+0=Td(V7§<L7s*1.6`L`L<L79(+03(+0
-P[Q1Od(+0h:97dZ�W+XY(V<,B�em��Q179T9<�T9QS,/(V7~03(+*1.67R5/,/0=:9<>(+0=,+E���<L79T�W 7 :R79TXW = T9<>(� fa��R:R`L5/290=:Ri=O�e,/(V<L`>(�Td(+0 DI(+�9,/.67d(V7~Q1a B�eÈ ¢a$�R:9`L5D:979T�<L53,�W 7 DTW = : x��RXH<>0=T�T9Q15�¨{|1(V7z,_|1(+03XY.1038ª(V7oE
5 �k<L(�<�7z|SQS0=<LQ17-,/(�qsQ1535/(~T9(+0 7�QSZSer�1(+,35�a�:95=5Y*Z131 : !�!Sx�}k(+' ?\[^] : K ��!�}k(+'�M29W+X�EF$Sx1xz}k(+'_B`*a131bBÒvKJ�x1x�}k(+'�?\[^]cBßK ��!�}k(+'�MD24(+,/0=QSZ1(V7�E
5 �_(+0_Z1(V53Q1a�,/(�,/0=Q17R5/|1(+0=53Q1`>(� fa��R:R`L5�6 9 aP:9535�*�`>(V<�7d(+0 Q1`L5��Sxp}k(+' 53(V<L7�E
5 ')(+,/.�Q1:d8)�1(+,35Ha$<>,�6 9 : vSxp}k(+'�<L7,? 3�?dB �ED=v�E



������$���%���,�%�,*�������(��������	�8! ;�
�
 ����

)lθ∆cos(
-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1
0

20

40

60

80

100

120

140

160

180

SM Higgs

Spin 0, CP even

Spin 0, CP odd

Cosine of the azimuthal opening angle

)lθ∆cos(
-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1
0

20

40

60

80

100

120

140

160

180

SM Higgs

Spin 1, CP even

Spin 1, CP odd

Cosine of the azimuthal opening angle

p®�®G¯;°;±G²�³�´~µ�¶���¹DÄRÆ+»ÇÀmÆ+Á�� ¾�Ã-ØP½zÆÇÊ �)¼�ÊÇÁªÃ9¾�ÊH½zÆ¡Ê ÀÂ»/ÎSÃdÊ��SÆ+»=Ê+Î��>Æ+Ã à��� Ã9¾�Ã-ØSÊÇÓ)ÁªÃ9¿1Æ�� ÊH½zÆ¡»uÔ�ÆrÕ��
ÀÈ¼SÃ�Æ¡ÃwË�à¾�»§Æ+ÁªÃ���ÁÙØ\ØSÊ~ÍUÁ;À$Æ+ÁªÃ�Æ+»���Î�Ê=ÊVÆ���¼SÃ 	�� � ��Æ9Ä�âBÏoÓ)ÁªÊ¡á+Ý�Æ¡ÃÖ½-Æ¡Ã �SÆ+»=Ê+á¡ÝzÁÈÆ3½-Æ¡Ã�Æ+Ã
ÌU¼hÕ6Õ!� ¾�Ã-Ø-Æ+Ã�ÁªÊÇÀ{¿1Æ+ÁªÃ�ÓuÆÇÊVÆ¡ÃRÀ"� Á¸á¡Ý�Æ+»���ÃRÀmÆ¡»hÊ¡á+ÝzÁ¸Æ=½_Ë+Æ¡ÊÇÀ�Ñ¡¾�Ê¡ÀmÆ��#�>Æ+Ã�â

lldR
0 1 2 3 4 5 6

10

20

30

40

50

SM Higgs

Spin 0, CP even

Spin 0, CP odd

 planeφ-ηSeparation in the 

lldR
0 1 2 3 4 5 6

0

5

10

15

20

25

30

35

SM Higgs

Spin 1, CP even

Spin 1, CP odd

 planeφ-ηSeparation in the 

p®�®G¯;°;±G²�³�´�µ�¶%$�¹DÄRÆ¡»¡ÀmÆ¡Á#� ¾�Ã-Ø�Æ¡Ãp½-Æ¡»DÚ�ÆrÕdÎS»fÎ6ÀÂÁÂ¼SÃ�Á;Ãp½zÆ+» 3 � ¦ �'&HÉhÆ¡Ã�Æ4Ë à¾�»HÆ¡Á;Ã�Æ(��ÁÙØ1Ê=Ê �)��Î�Ê=ÊVÆ
��¼SÃ�	*� �+��ÆRÄ�â-,hÍ ÓuÆÇÊ+Æ+ÃRÀ"� ÁÂá+Ý�Æ¡Ã+�SÆ+»=Ý�Î�� ÀmÆ+Ã�ÊhÁ¸á¡Ý�½SÁÈÆ.�1Æ¡»hÊ¡á+ÝzÁ¸Æ=½zÆ¡Ã4Æ¡Ã�ÌU¼hÕ6Õ!� ¾�Ã-Ø-Æ+Ã�Ø�LÆ¡Á¸á¡Ý�â
� [^]0/ 	*� �1��Æ9Ä �



����� ���	��
����������������
���������� �"!$#��%���&���"' ��()���&*+�,(�
����

 [GeV]llPT
0 50 100 150 200 250 300 350 400

0

10

20

30

40

50

SM Higgs

Spin 0, CP even

Spin 0, CP odd

Transverse Momentum of the dilepton system

 [GeV]llPT
0 50 100 150 200 250 300 350 400

0

10

20

30

40

50

SM Higgs

Spin 1, CP even

Spin 1, CP odd

Transverse Momentum of the dilepton system

�®�®�¯Â°;±�²�³�´Òµ�¶���¹nÛ�Á¸Æ�ÄRÆ¡»¡ÀmÆ¡Á#� ¾�Ã�Ø-Æ¡Ã�½zÆÇÊ�ÀÂ»fÎ1ÃdÊ �1Æ¡»hÊ¡Î��LÆ¡Ã�ÔIÆ¢Õ�ÀÈ¼SÃ �',hÍ_Õ�¾ � ÊVÆÇÊ�ÑNÆ+ÁÙØ�Æ¡Ãw¿1ÎS¾�Í
��ÃRÀmÆ¡»hÊ¡á+ÝzÁÈÆ3½zÆYË à¾�»�½SÁÈÆ �SÆ¡»hÊ¡á+ÝzÁÈÆ3½zÆ+Ã�Æ¡Ã�ÌU¼hÕ6Õ � ¾�Ã-Ø�Æ¡Ã�â�� [^]0/ 	*� �1��Æ9Ä �

 [GeV]llM
0 20 40 60 80 100 120 140 160 180 200

0

10

20

30

40

50
SM Higgs

Spin 0, CP even

Spin 0, CP odd

Invariant mass of the dilepton system

 [GeV]llM
0 20 40 60 80 100 120 140 160 180 200

0

5

10

15

20

25

30

35

40

45

SM Higgs

Spin 1, CP even

Spin 1, CP odd

Invariant mass of the dilepton system

�®�®�¯Â°;±�²�³�´�µo¶��o¹�Û�Á¸Æ ��Î�Ê=ÊVÆ�½zÆÇÊ Û�Á#�LÆrÕ�ÀÈ¼SÃ9Ê���ÊÇÀmÆ+Í�Ê � ÁÈÆÈØzÀ�Ë4à¾�»_½SÁÈÆkÚSÕ�ÁªÃ 	 �pàÎ��#�>ÆBÁªÍ �§ÁÂÀ¸ÀmÆ��
ÆVÀÂÓ{Î�Ê Ý à¼�Ý�Æ+»_Î�� ÊoË à¾�»H½6ÎSÊ�ÚRÀÈÎSÃ�½6Î1»f½SÍ$¼V½-Æ��#� �'��Á>ØNØ1Ê¡â4ÛUÆ¡»DÚ�á¡Ý-Ã9Á;À¸ÀGÎS¾¡ËH½SÁÈÆÇÊVÆ ��Î�Ê=ÊVÆ � ÁÈÆÈØ6ÀGÎzÉhÆ¡»
Ý�¼Ná¡ÝpØ-Æ+Ã9¾6Øp¾�Ã�½�Æ+»ÂØ6Á¸ÉVÀRË à¾�»�Î��#�>Æ � àÎ��#�>Æ�Æ¡Á;Ã�ÆPÎS¾�Êh»3Æ¡Á¸á¡Ý�Æ+Ã�½zÆ &	�!Ñ+Á¸Æ+Ã�ÑVâ�� [^]0/ 	*� �1��Æ9Ä �



������$���%���,�%�,*�������(��������	�8! ;�
�
 �����

llφ∆
0 0.5 1 1.5 2 2.5 3

0

5

10

15

20

25

30

35

Hphil_0

Nent = 17981  

Mean  =  1.173

RMS   = 0.8692

SM Higgs

Spin 0, CP even

Spin 0, CP odd

 of the leptonsφ∆Distribution of 

Hphil_0

Nent = 17981  

Mean  =  1.173

RMS   = 0.8692

llφ∆
0 0.5 1 1.5 2 2.5 3

0

5

10

15

20

25

Hphil_0
Nent = 17981  
Mean  =  1.173
RMS   = 0.8692

SM Higgs

Spin 1, CP even

Spin 1, CP odd

 of the leptonsφ∆Distribution of 

Hphil_0
Nent = 17981  
Mean  =  1.173
RMS   = 0.8692

p®�®G¯;°;±G²�³�´�µ�¶Lµ�¹9ÛUÆ¡» 	�Á;Ãd¿1Æ �1Ñ+Ó)Á�Ê+á¡Ý�Æ+Ã�½-Æ¡ÃUÔ�ÆrÕ�ÀÈ¼1Ã�Æ¡Ã�Ý àÎSÃ�Ø6ÀoÃR¾�»DÓuÆ+Ã9ÁÙØ ��¼1Ã�½zÆ+»uÌU¼hÕ6Õ��
� ¾�Ã-ØpÎzÉVâ�,hÍ�ÚSÕ�Á;Ã � 	 � �IÎ��#��ÁªÊÇÀu½SÁ¸Æ�ÄRÆ¡»¡ÀmÆ¡Á#� ¾�Ã�ØpÆ+ÀÂÓ{ÎSÊ�� Î6á¡ÝdÆ¡»hÜuÎzÉ=Æ+»�Æ¡Ê_ÓuÆ+»f½zÆ+ÃsÁ;ÍUÍ�Æ¡»BÃ�¼Vá+Ý
¿ �LÆ¡Á;Ã�Æ¡»3Æ 	�ÁªÃ9¿1Æ���ÉhÆ��S¼S»/Ñ+¾6Ø6ÀÈâoÛ�Á¸Æ¡Ê+Æ �Y» à¼��)Æ�ÁªÊÇÀ{ÊÇÀÈÎ1»=¿$ÍUÁÂÀu½zÆ+»kÛ�Á��LÆrÕ�ÀÈ¼1Ã �)��Î�Ê=ÊVÆ�¿S¼S»Ç»/Æ � ÁÈÆ¡»¡À;Ü
ÁªÃw½zÆ¡»P½SÁ¸Æ���É¡ÓuÆ¡Á¸á¡Ý-¾�Ã�Ø-Æ¡Ãw½zÆ+¾�À"� Á¸á¡Ý�Æ+»kÑ¡¾ 
�ÎVØ�ÆPÀÂ»/ÆVÀmÆ¡Ã�â

jj
φ∆

0 0.5 1 1.5 2 2.5 3
0

5

10

15

20

25

30

SM Higgs

Spin 0, CP even

Spin 0, CP odd

 of the tag jetsφ∆Distribution of 

jj
φ∆

0 0.5 1 1.5 2 2.5 3
0

5

10

15

20

25

30

35

SM Higgs

Spin 1, CP even

Spin 1, CP odd

 of the tag jetsφ∆Distribution of 

p®�®G¯;°;±G²�³�´�µo¶Â·���¹IÛUÆ¡»�ÀÂ»/ÎSÃdÊ �1Æ¡»hÊ¡Î��LÆ 	�Á;Ãd¿1Æ �RÑ¡Ó)ÁªÊ¡á¡ÝdÆ¡Ã�½zÆ¡Ã 
RÎNØ��¢ÞdÆVÀ;Ê¡â�ÛUÆ¡»HºYÊVÆ¡¾9½6¼�Êh¿SÎ �
�ÙÎS»�ÑNÆ+ÁÙØzÀk½SÁÈÆ�½zÆ+¾�À"� Á¸á¡Ý6Ê¡ÀmÆ���É¡ÓuÆ+ÁÂá+Ýz¾�Ã-Ø���¼SÍ�ÚRÀÈÎSÃ�½6ÎS»/½SÍ$¼V½zÆ��#���)��ÁÙØ\ØSÊ+â	�k¾9á¡Ý�½SÁ¸Æ�Î1Ã�½zÆ¡»3Æ¡Ã
ÄRÆ¡»¡ÀmÆ¡Á#� ¾�Ã-Ø�Æ¡Ã�¾�ÃRÀmÆ¡»hÊ¡á+Ý�Æ¡Á¸½zÆ¡Ã§ÊÇÁÂá+Ý�Ê¡¼SÓuÆ+Á;À;ÜY½zÎ�Ê=Ê$Æ¡Á;Ã�Æ�ÚSÕ�Á;Ã � �oº �)�!ÆÇÊhÊh¾�Ã-ØpÍUÁ;ÀD½SÁÈÆÇÊ+Æ+»sÄ9Î �
»hÁ¸ÎzÉ��LÆ¡Ã�ÎS¾�ÊhÊhÁ¸á¡Ý-À;ÊÇ»/Æ+ÁÂá+Ý�Æ¡»hÊ¡á¡ÝdÆ¡Á;ÃRÀÈâ



����� ���	��
����������������
���������� �"!$#��%���&���"' ��()���&*+�,(�
����

5 �k<L(�,/0=Q1795/|1(+0=5=Q1`>(�q�Q15353(�Td(+0�Do(+�9,/.679(V7�:979T�Td(V5D8ª(VOR`>(V79Td(V7� fa��R:9`L53(V5uaP:9535YZ10\[.1]1(+0
�Sx�}k(+'�?\[^] : K ��!�}k(+'�MD29W+X�EdZ10\[.1]1(+0kvSxp}B(+'Ð?\[^]cBßK ��!�}k(+'�M�5/(V<L7�E
5 �_(+0H��<LZ679Q1`>24(+03(V<LihO�<L5/,{T9:90=i=OpT9<>(�,/0=Q17R5/|1(+0=53Q1`>(Bq�Q15=5/(kT9(+0 Do(+�R,/.67d(V7p:R79T�Td(+0�-H(V:de,/0=<L7d.65�Z1(+Z1(+2�(V7oE��B<>($,/0=Q17R5/|1(+0=53Q1`>(�q�Q15353(p<L5/,�T9:d0=ihO�T9<>($jk<>Z1Z65ferqsQ1535/(�79Q1i=O!.124(V7
2�(V5=i=Od0 [Q179*-,+�dXY.124(V<�TR<>(V5/(���i=O90=Q17d*1(�T9:d0=ihO�T9<>(�`L<La$<L,3<>(+03,/(_Fk:/. [.65=:97dZUTd(+0 ,/0=Q1795/|1(+03e
53Q1`>(V7�8;(VO9`>(V79T9(V7�¨{7d(+03Z6<L(�Q1:d8ªZ1(+XY(V<LihOz,k<L5/,+E

�B<>(���(V`>(+*�,3<>.67$8 [:9Od0=,nWV:pT9(+0Y<L7 7�QS24(V`L`L(kJ�ELKkQ1:d8ªZ1(+8 [:9Od0=,/(V7pFk7dWVQ1O9`�Q17��d<>Z679Q1`Ùe�:R79T$�k7z,/(+0/e
Z10=:R79Td(+03(V<>Z67R<L535/(V7�E� fa��_7-,/(+03Z10=:R79T�53<L79T�AY(V<>,/0�[QSZ1(�Q1:95 8;.6`>Z1(V79Td(V7�ln03.1W+(V5353(V7~(V7-,3O9Q1`>,/(V7A%
5 O POrep:979T�� Oremln03.�T9:d*�,3<>.67Å<L53,�Xu(+Z1(V7¤Td(V5~(V7d.10ha Od.6Od(V7Åbc<>03*�:97dZ65 g :d(+0h53i=O97R<>,/,/(V5Q1a DIj�� Td(+0�XH<LihOz,3<LZ65/,/(��_7-,/(+03Z10=:97RTd�903.1W+(V535VE4�B<>($`L(+�9,/.679<L53ihOd(V7�«�(+038/[Q1`L`>(UTd(+0�b^e
Au.653.67d(V7�8h[:9Od03(V7pWV:�(V<L7d(+0 5/(VOd0�[Q1O97R`L<Li=O9(V7���<LZ679QS,3:d0VE�b@<L(_.124(V7�Q1:95/Z1(+8Ç[:9Od0=,+�-2R<L(+,/(+,
T9<>(_��(+�RQS0hQS,3<>.67$Td(+0 7�QSZSer�1(+,35 9f(VT9.�ihO�(V<L7d( Z6:d,/(_�_7-,/(+0=Td06[:Ri3*�:97dZ�T9<>(V53(V5)�_7-,/(+03Z10=:97de
Td(V5+E9 f795/Z1(V53Q1a�,Ha$Q1ihOd(V7�TR<>(V5/(�ln0=.1W+(V535/(�(+,rXYQ8J�xzy�Td(V5��k7-,/(+03Z10=:979T9(V5�Q1:95+E
5 �k<L03(+*-,/(Ub@bÒeml{03.�T9:d*�,3<>.67~8h[:9Od03,_WV:sT9(+0=5/(V`>24(V7��d<>Z679QS,3:d0kQ1:95HW+XY(V<,Do(+�9,/.679(V7�:R79T8ª(VO9`L(V79Td(+0I¨u7d(+03Z6<>(1E��k<L(n24(+,/(V<L`L<>Z1,/(V7��B<LQSZ10hQ1a$a�(Y* [.67979(V7�<L7P���D�_emF_7-,/(V<L`za�<>,IC9QS0329e
Q1:95/,3Q1:953ihO�<La ,fem��Q179Q1`{:979T�¨nb^emF_7-,/(V<L`).6O979(UCRQS032RQ1:95/,3Q1:R53i=O�:R7z,/(+03,/(V<�`>,_XY(+0=Td(V7oE
�_(+0G`>(+,/W+,/(+03(&7�(V<L`6<L5/,�Td(+0I8h[:d0ITd(V7��_7-,/(+03Z10=:R79T�XH<LihOz,3<LZ1(+03(1�\T9QH(+0�T9:90=i=O�TR<>( [FkO979`L<LihO�e
*1(V<>,�a$<>,�Td(Va���<>Z679Q1`>�R03.1W+(V535�<L7§AY(+WV:dZsQ1:98uC9QS032�Q1:95/,3Q1:953ihO^[Q1O97R`L<Li=O9(U¨u<>Z1(V7953ihO9QS8ªe
,/(V7�XH<>(_T9(+0 ��<LZ679Q1`>�903.1W+(V5=5uQ1:d8;XY(V<L5/,+E-jk<>(+0 53<L7RT�T9<>(���i=OR79<>,/,/(_Q1:98IT9<>(_')(+03,/(V<L`L:979Z1(V7
Td(+0 Do(+�9,/.679(V7�?Â5+E .dE M�24(V5/.679Td(+0h5�X_<Li=O-,3<>Zd�6:9a�T9<>(V53(V7��_7-,/(+03Z10=:97RT�WV:�:R7z,/(+0=T901[:9i3*1(V7oE
Do(+,/W+,/(V79T9`�<Li=OU,/0 [QSZ1,uT9<>(Y(V`>(+*-,/0=.653i=O-XYQ1ihOd(Hb^emlGQ1QS0/emln0=.�T9:9*-,3<>.67U(+,rXYQ �Sxzy WV:9a��_7de
,/(+03Z10=:979T~2�(V<ÈE
5 �_0=(V`L`Ùe��{Q17�eml{03.�TR:d*-,3<L.67�|1.67����	� a$<>,_�6(+,35H*SQ1797~TR:d0=i=OsT9<>(�*�`>(V<L7d(�8;(VO9`>(V7RTd(�¨{79(+0/eZ6<>(~:979T�(V<L7t')(+,/.d�u8;Q1`L`�5PTR<>(��k<�`>(+�9,/.679a$Q15=5/(�<L7�(V<L7d(Va�Cd(V7953,/(+0p:9a�T9<L(~«�erq�Q15353(
`L<>(+Z1,+��:97-,/(+0=Td06[:9i=*-,BXY(+0=Td(V7�EI«�(+0=8f[Q1`L`L,kT9Q15�«�<L7 B�emlGQ1QS03(1��*SQ1797wT9<>(P8;(VO9`>(V79Td(U¨{79(+0/e
Z6<>(wQ1:95�`>(+�9,/.679<L5=i=Od(V7 B�e¢«�(+038/[Q1`L`>(V7@Td(V7^b^b^e¢«�(+038/[Q1`L`>(V7�[Q1O979`�<Li=O^5/(V<L7�ED�BQ�5=<>(�Q1`�5
«�e¢«�(+038ÂQ1`L`L5/�R03.�TR:d*-,/(BQ1:95/0=(V<Li=Od(V7RT� ¢a���:9`L5DO9QS24(V7��d*SQ1797�a$Q17�|1(+0=5=:9i=Od(V7o�R53<>(�<L7�*1.Se
`L<L7d(VQS03(+0 - [Q1Od(+0h:97dZ�WV:�03(+*1.6795/,/0h:9<>(+03(V7$:R79T$T9QS0=Q1:R5n(V<L7�')(+,/.PQ1:d8�B�emlGQ1QS03(k*1.6795/,/0=:de
<>(+03(V7�E
5 ��`>(V<L7d(+0=(�Au(V<L,/0\[QSZ1(�5/,3Q1a�a�(V7~Q1:95H(V`>(+*-,/0=.653i=O-XYQ1ihOd(+0�B/B�emln03.�T9:d*�,3<>.67��dT9<L(�[Q1O979`L<LihOd(¨{<>Z1(V795=i=O9QS8;,/(V7�O9QS,HXH<>(�T9<>(�(V`>(+*�,/03.653ihOzXDQ1i=O9(�b@bÒeml{03.�T9:d*�,3<>.67�E
5 «�emlGQ1QS03(1�9<L7�T9(V7d(V7�(V<�7�«sO9Q1Td0=.679<L53ihO�:979TpT9Q15DQ179Td(+03(B`>(+�9,/.67R<L53i=O�W+(+038/[Q1`L`>,+��*4[.67979(V7T9:d0=ihOÒT9<>(��6(+,fem��.10303(V`�QS,3<>.67Ò:97RT&')(+,/.�Q1:98BTR<>(��B<L`>(+�9,/.67Ra$Q1535/(�:Ra�T9<>(�«�erq�Q15353(
:97z,/(+0hTd06[:9i=*-, XY(+0=Td(V7�E



������$���%���,�%�,*�������(��������	�8! ;�
�
 �����

� ¯ª´�´��������	�
������������ KVvSx K �Sx K  6x K�!Sx K�$Sx K J�x K�#Sx
�o¯;´�³��R°�����´�¯���³���� B K �Sx K  6x K�!Sx K�$Sx K JI! KVJSx v1vSx
�o¯;´�³��R° v�#��"! JI$��"! K+xJ!��"$ K JSv��"! vKJSv��LK v�#�$��"! v��1v��"#
� ³! 
�"��´��S²�³�±  J-�! $���� J $Sx���� #� d� x J�#��LK K+x J-�LK KVv1v��LK

# �R®$��°Â°���µo¶Â·R¹ &D»ÇÓ{ÎS»ÇÀmÆVÀmÆ �kÃ�ÑNÎ�Ý*��ÎSÃ�Ú9Á>Ø1Ã�Î�� �{¾�Ã�½ ��ÃRÀmÆ¡»¸Ø1»Ç¾�Ã�½zÆ+»/Æ+ÁÙØ6Ã9Á�ÊhÊ+Æ+Ã�Ë à¾�» � ; 	 	

É=Æ¡Á{Æ+ÁªÃ�Æ+»BÁªÃRÀmÆmØ1»ÇÁ¸Æ+»ÇÀmÆ+Ã�ÔG¾�ÍUÁªÃ�¼SÊhÁÂÀ àÎ1À �S¼SÃ&%(' / �Sx*),+
- 7 â�Û�Á¸Æ�Ï�Æ¡»;Ë àÎ����LÆ 	 	 ; ��� @ @ ¾�Ã�½
	 	 ; � @/.0. ÊÇÁªÃ�½�ÎS¾¡Ë=ÊÇ¾�ÍUÍUÁÈÆ¡»¡ÀÈâ ��à¾�»BÛPÆVÀÈÎSÁ#� Ê�ÊÇÁ¸Æ¡Ý�Æ ����� �¡â

1�2	3�35476�8:9,2<;>=	2@?�ACBED06GF*2IHJACKL2,;M?�2�DNHO476I8
C_[:90�T9<>(YF_:R5/Xu(+0=,3:97dZHTd(+0n«�(+038ÂQ1`L`L53XH<L7d*1(V`>|1(+0=,/(V<L`L:97dZDTd(+0)�1(+,35GaP:9535ITR<>({')(+03,/(V<�`L:97dZ�8Ç[:d0�Td(V7
�_7-,/(+03Z10=:97RTw24(+*�Q1797-,�5/(V<�7�EIC_[:d0�T9(V7�jkQ1:d�9,/24(V<>,/0=QSZ~WV:Ra��k7z,/(+03Z10h:979T^? O POremln03.�T9:d*�,3<>.67�M
<L5/,�T9<L(~b@<�7d*1(V`>|1(+03,/(V<L`�:97dZ�<L7^FH2R2oEuJ�ELK1K&?;.124(V7�M�QS29Z1(+2�<L`LTd(+,+E{�BQ�a$<>0�`>(V<LTd(+0$*1(V<�7@qsQ�e
,/0=<QP�(V`>(Va�(V7-,fe¢}k(V7d(+0=QS,/.10�8h[:d0�T9(V7wW+Xu(V<L,mXH<LihOz,3<LZ65/,/(V7!l{03.1W+(V535�?Â¨{b bÒemlGQ1QS0/eml{03.�TR:d*-,3<L.67�M
WV:d0D')(+038 [:9Z6:97dZ�5/,3Q179T��daP:9535 <LihO�a$<Li=O�OR<>(+0YQ1:98�T9<>(k')(+03,/(V<L`�:97dZ�Td(V5&O POÈem�k7z,/(+03Z10h:979Td(V5D24(¡e
53i=Od0�[Q17d*1(V7�EG�k<L(�8;.6`>Z1(V79T9(V7!¨{03Z1(+2R79<L5=5/(pOI[Q179Z1(V7&79<Li=O-,P*-0=<L,3<L53i=O!|1.67&Td(+0UZ1(V79Q1:d(V7tCd.10ha
Td(+0~�_7-,/(+03Z10=:R79Td|1(+03,/(V<L`�:97dZ!QS2IE_��.6`LQ17dZ1(wT9<>(§')(+03,/(V<�`L:97dZ&7�:d0�Z6:d,�Z1(V7-:9Z&2�(+*SQ1797-,�<L5/,+�
:97z,/(+0h53i=Od(V<�Td(V7�53<�i=O�T9<>(�¨{03Z1(+2R79<�535/(�8h[:d0H(V<�7d(V7 .�Q1i=O§Q17dZ1(V7d.6a$a$(V7d(V7s�k7-,/(+03Z10=:979Ts�90=QS*-e
,3<L53i=Oc79<�i=O-,p|1.67cTd(+0�Fk7979Q1O9a�(s(V<L7d(+0�')(+03,/(V<L`�:97dZ�X_<>(s<L7@F_292oE J�ELK1K§.�Td(+0�Q1:9ihOc(V<L7d(+0
8;Q1`L`L(V79Td(V7s')(+03,/(V<L`L:979ZdE�¨u7z,353ihOd(V<LTd(V7RTw<L5/,+�4T9Q1535�T9<>(U�k7z,/(+03Z10h:979Td|1(+03,/(V<�`L:97dZ�a$<>,BTd(V7w�BQ�e
,/(V7 [:d24(+03�90 [:98ª,kXH<>0=ToE4�B<>(V5�*�Q1797�WV:9a�AY(V<L5/��<>(V`Ga$<>,�Td(V7�¨{03(V<>Z679<�535/(V7���T9<>(�.124(+0=ORQ1`>2wTd(+0
7I0=Q17R5/|1(+0=53Q1`La�Q1535/(V7�e¢£k24(+03Z10=(V7dW+({Q1:95�7�QS2oE1J�ELKY`L<>(+Z1(V7��VZ1(V5=i=Od(VOd(V7oE��B<>(V5/(u')(+03,/(V<L`L:R7dZ_<L53,I<L7
FH292IEdJ�ELK1K�?Â:97-,/(V7�MDT9QS03Z1(V53,/(V`L`>,+E9�B<>(�Fk7dWVQ1O9`�Td(+0�(+0=XYQS03,/(+,/(V7s¨n03(V<LZ679<L535/(�<L53, Z103.1]$Z1(V7�:dZd�
:9a%T9<>(pCd.10=a�a$<>,�(V<L79(+0Pq�.67z,/(¡e¢�DQS0h`>.Se¢��<LaP:9`LQS,3<>.67�WV:�|1(+03Z6`L(V<Li=Od(V7oE�C_[:d0�TR<>(V5/(�Fk79Q1`0�5/(
XH<>0=T�T9<>(uC9.10=a�Td(+0G')(+03,/(V<L`L:979Z_Q1:95�O POÈem¨n0=(V<>Z679<L5353(V7�|1(+03XY(V79Td(+,+�15/*SQ1`L<>(+03,�a$<>,GTd(+0�Z1(V53Q1a�,/(V7
F_7dWVQ1OR`�Td(+0�(+03XDQS03,/(+,/(V7��_7-,/(+03Z10=:97RTd(+03(V<>Z679<�535/(1E
«4:d0UF_79Q1` 0�5/(�Td(+0$Fk:95353QSZ1(+*�0=QS8;,�Td(+0�')(+03,/(V<L`L:R7dZ1(V7�XH<>0=T!T9<>(8DI<>*1(V`L<�Od.-.�Td0=QS,3<L.Serq~(+,3Od.�Td(
|1(+03Xu(V7RTd(+,+EY��<>(�24(V7�:d,/W+,$T9<>(�Z1(V5=Q1a�,/(� ¢798ª.10=a�QS,3<>.67&Q1:95�T9(V7&')(+03,/(V<L`L:R7dZ1(V7��).6O97d(~TRQ1535
(V<L7d(�lGQS0=Q1a�(+,/0=<L5=<>(+0=:97dZUTd(+0 ')(+03,/(V<�`L:97dZ1(V7�7I[.1,3<LZU<�5/,+E9C_[:d0�9f(VT9(V5 AY<�7�Td(+0 ')(+03,/(V<L`L:R7dZUXH<>0=T
T9<>(�b�Q1Od0=5=i=Od(V<L7R`L<Li=O9*1(V<>,(6SR§?UTwMP(+0=a$<L,/,/(V`>,+�{T9Q1535pT9<>(�Z1(Va�(V5=5/(V7d(�Fk7dWVQ1O9`�Q17^¨n03(V<LZ679<L5fe
5/(V7VT�Q1:95B(V<L79(+0Bl�.6<L5=5/.67z|1(+0=,/(V<L`L:97dZ�a$<>,BTd(Va%qs<>,/,/(V`>XY(+03,�* 5/,3Q1a�a�,+Eo�k(+0�qs<>,/,/(V`>XY(+03,
q
<L5/,UT9<>(�9f(+XY(V<L`L5�(+03XDQS03,/(+,/(~F_79WVQ1O9`DQ17�¨{03(V<>Z679<�535/(V7�8Ç[:d0UT9<>(p|1(+0=53i=OR<>(VTd(V7d(V7����R<�7�e¢�Dl)e
��.6a�2�<L79QS,3<>.67d(V7oEY�B<>(§b�Q1Od0=5=i=Od(V<L7R`L<Li=O9*1(V<>,+� T9Q1535�T9<>(§Z1(V53Q1a�,/(�')(+03,/(V<L`�:97dZ&a$<>,�7ÅAD<L795
|1.6a «�(+038ÂQ1`L`�(V<L7d(V5 7I(V<L`�i=Od(V795 a�<>,_���R<L7~��:R79T��Dl)em¨u<>Z1(V7-Xu(+03, �@W<Xt5/,3Q1a$a�,+��<L5/,�TRQ1797

6SY S ZC[�\ /�]_^`Na 7 6bR_c3?UT ` M ?¸J�ELKNM
�kQ15H')(+0=OI[Q1`>,37R<L5 X5dfe g@hX*i*jk dfe l [�\ jk gmh Z6<>2R,�T9Q1797~5/(VO90_Q17953ihO9Q1:9`L<�i=O~Q17��RXH<>(+|�<>(V`oq�Q1`IXYQ1O90=53i=O9(V<L7�e`L<Li=O9(+0�T9<>(B')(+03,/(V<L`L:R7dZ�Q1:95�Td(Va «4(+038;Q1`�`�T9(V5_�dq~emj_<>Z1Z65_5/,3Q1a$a�,HQ1`L5 Q1:95�(V<L7d(Va�Td(+0�Q1`L,/(+0/e



����� ���	��
����������������
���������� �"!$#��%���&���"' ��()���&*+�,(�
����

φ∆
0 0.5 1 1.5 2 2.5 3

ar
b

it
ra

ry
 u

n
it

s

0

10

20

30

40

50

60

70

80

 < 175 GeV T - distribution for tt background  -  mφ∆

φ∆
0 0.5 1 1.5 2 2.5 3

ar
b

it
ra

ry
 u

n
it

s

0

10

20

30

40

50

60

70

 > 175 GeV T - distribution for tt background  -  mφ∆

�®�®�¯Â°;±�²�³�´cµo¶¸·R·9¹�ÄRÆ¡»¡ÀmÆ¡Á#� ¾�Ã-Ø��S¼SÃ ¥�¦ Ë à¾�»p½SÁÈÆpÞdÆVÀ;Ê$Î1¾-Ê�½zÆ¡Í OQPO � ��ÃRÀmÆ+»ÂØ6»h¾�Ã�½�ÜB½SÁ¸Æ�Î�� Ê

�ÎVØ��¢Þ9Æ+À;Ê�Ê+Æ �>Æ¡¿�ÀÂÁÈÆ¡»¡ÀPÓ)¾�»/½zÆ+Ã�â_ÛUÆ¡»�¼zÉ=Æ+»/Æ~º �Ù¼6À�Ñ\Æ¡Á>Ø6ÀU½SÁÈÆÅÄRÆ¡»¡ÀmÆ¡Á#� ¾�Ã�Ø�Ë à¾�» & »/Æ+ÁÙØ6Ã9Á�ÊhÊ+ÆsÁ;Í
Ú9Á>Ø1Ã�Î��>ÉhÆ¡»3Æ¡Á¸á¡Ý�Ë à¾�»PÆ¡Á;Ã 	�� �+��Æ9Ä���ÁÙØ\ØSÊ � [ 9 ? > >A@RMUBßK JI! ��ÆRÄ �\ÜD½zÆ+»�¾�ÃRÀmÆ¡»3ÆU½SÁÈÆÇÊVÆ��LÉ=Æ§ÄRÆ+»��ÀmÆ+Á�� ¾�Ã-ØkË à¾�»1& »/Æ+ÁÙØ6Ã9Á�ÊhÊ+ÆUÎS¾ �nÆ¡»hÝ�Î��LÉU½zÆ¡Ê�Ú9ÁÙØ6Ã�Î��LÉ=Æ+»/Æ+ÁÂá+Ý6Ê¡â



������$���%���,�%�,*�������(��������	�8! ;�
�
 ��� �

79QS,3<>|1(V7~j�0-�4.1,3Od(V53(V7�Ed ¢7�Td(+0 -U[Q1Od(+0=:97dZ�Q1:95303(V<Li=O9(V79T�Z103.1]1(+0���,3QS,3<L5/,3<>*�<L5/, Q1:d]1(+0hTd(Va
¥ ' +�� � % /Åv���>�� � 6	� S 
 76 Y��a � S Z [�\ �a 
 7� /�� =� ?¸J�E v6M

Xu.124(V<��<=� Td(+0Hbw(+03,kTd(+0��<==eÈ')(+0=,/(V<L`L:97dZ�WV:9aÐ��.679�RTd(V7dW¡eÈ f7z,/(+0=|�Q1`L`�a�<>,�Td(+0Hb�Q1O90=53i=O9(V<L7�e
`L<Li=O9*1(V<>,�� <L53,+EDAY(V<�(V<�7d(Va�(V<L795/(V<L,3<>Z1(V7ÅF_:R5353i=OR`L:9535�a$<>,�Td(+0�b�Q1O90=53i=O9(V<L79`L<LihOd*1(V<>,�.!<L5/,� /�K<)�v�.BWV:p|1(+03Xu(V7RTd(V7�EzFk79Q1`>.1Z�WV:d0{ f7z,/(+0=�903(+,3QS,3<>.67�Td(V5nb�Q1O90=53i=O9(V<L79`L<LihOd*1(V<>,35/|1(+0hOI[Q1`>,fe
79<L535/(V5_a�:R535_T9(+0_bw(+03,B|1.67w¥ ' +�� � Z10\[.1]1(+0�Q1`�5_7�:9`L`o53(V<L7���:Ra Td(V7�Q1`>,/(+0=7RQS,3<>|1(V7sCRQ1`L`GQ1:95feWV:953i=OR`L<>(+]1(V7�E
Au(+0=(Vi=O97d(+,�a$Q17wT9<>( DI<>*1(V`�<LOd.�.�Td0hQS,3<>.�8h[:d0�|�<>(V`>($��Q1a��R`>(�a$<L,kTd(+0�(+0=XYQS03,/(+,/(V7!F_79WVQ1O9`)Q17
¨n03(V<>Z67R<L535/(V7§?Â<L7d*�`¸E-�k7-,/(+03Z10=:979T�Mh��53.P*SQ1797�a$Q17�Td(V7~qs<>,/,/(V`>XY(+03, Td(+0Hq�(V5353:979Z1(V7�Q1`L5DTd(V7
¨n03XDQS03,3:97dZ653Xu(+03,�8h[:90�Td(V7!F_:95=53i=O9`�:9535�|1(+0=Xu(V79T9(V7�E��k(+0�©_q§�wTd(+0P')(+03,/(V<L`�:97dZ�*SQ1797!Q1`L5
��i=OI[QS,/W+(+0BT9QS8h[:d0H|1(+0=Xu(V79T9(+,HXY(+0=Td(V7���XH<>(�XY(V<>,HT9<L(�WV:�(+0=XYQS03,/(V7RTd(V7sq�(V5353:979Z1(V7s5/,/0=(V:d(V7�E
 ¢7$F_292oEzJ�ELKVv�53<L7RTU2�(V<�5/�R<>(V`LORQS8ª,GT9<>( ')(+03,/(V<�`L:97dZ1(V7�|1.67pQ1:d8�T9<>(V5/( bw(V<�5/(H(+0=a�<>,/,/(V`>,/(V7CD�<>*1(¡e
`L<LOd.�.�T90=QS,3<>.65�8Ç[:d0BTd(V7�')(+03Z6`>(V<LihOwTd(V5��dq~emC9Q1`L`>(V5�a$<L,kTd(V7�|�<>(+0�Q1`>,/(+0=79QS,3<L|1(V7�j�0���.1,3O9(V5/(V7
Q1:d8ªZ1(+,/0hQSZ1(V7�ER�B<>(�T9QS8h[:d0D|1(+03Xu(V7RTd(+,/(�F_79WVQ1O9`�Q17�¨n03(V<LZ679<L535/(V7p(V7-,35/�90=<LihOz, (V<�7d(+0 <L7z,/(+Z10h<>(+0/e
,/(V7 DI:9a�<L7d.653<>,N[QS,D|1.67 �Sx�8ª2 - 7 �9TR<>(�53<LaP:9`L<>(+0=,/(kjk<>Z1Z65ferqsQ1535/(�2�(+,/0�[QSZ1,�K�$Sxp}k(+'PE
 ¢7pTd(V7�8;.6`>Z1(V79T9(V7�F_292R<L`LTR:97dZ1(V7$J�ELK �P:979T�J�ELK  U<�5/,{Td(+0Y(+03XDQS03,/(+,/(�F_:95=53i=O9`�:9535{T9(+0D���R<�7$x
F_`>,/(+0h79QS,3<>|1(V7�:R79T$<La qsQ1535/(V7-24(+03(V<LihO�.124(+0=O9Q1`L2�K  6xP}k(+'¤Q1:9i=O�Td(+0D���R<L7�KHFk`>,/(+0=7RQS,3<>|1(V7
T9QS03Z1(V5/,/(V`L`L,+E��k7z,/(+0hO9Q1`>2�TR<>(V5/(+0)q�Q15353(D<�5/,�T9<L(Yq�(V5353:97dZkTd(V5n���R<L7R5oT9:d0=ihO�TR<>(uAY(+.12RQ1ihOz,3:979Z
Td(V5 j_<LZ1Z65fe¢«�(+038ÂQ1`L`L5D<L7�W+XY(V<�l{Od.1,/.679(V7~<La��R`�<>WV<>,k?Â5VE9��QS�oE+J1MhE�«4:95\[QS,/WV`L<Li=O�WV:9a�(+03XYQS0=,/(+,/(V7
F_:95=53i=O9`�:9535k<L5/,�Q1:9i=O�7d.�ihOwT9<>(�AY03(V<>,/(�Td(+0�(+03XDQS03,/(+,/(V7�')(+03,/(V<L`L:979Z�T9(V5Bb�Q1Od0=53ihOd(V<L79`L<�i=O�e
*1(V<>,35/|1(+0=OI[Q1`L,379<L535/(V5�(V<L7dZ1(+W+(V<LihO97d(+,+EG�k<L(V5�<L5/,�79<Li=O-,�WV:�|1(+03XY(Vi=O95/(V`�7!a$<L,�Td(Va (+03XYQS0=,/(+,/(V7
q~(V53538ª(VO9`L(+0�Q1:d8I(V<L79(V7pbw(+0=,��RT9<>(�l{:R7d*-,/(�<L7�Td(V7�F_292R<�`LT9:97dZ1(V7�Z1(+24(V7~T9<>03(+*�,DTd(V7�(+03XDQS0/e
,/(+,/(V7&F_:95=53i=O9`�:9535P<La���<L797d(p|1.67Ò}B`>(V<LihO-:R7dZ§J�E v§Q17o�GTR<>(�C9(VO9`>(+032RQ1`L*1(V7!Z1(+24(V7&7�:d0UTd(V7
Au(+0=(V<Li=O!Q17��I<L7�T9(Va�T9<>(�q�(V5353:R7dZ�a$<>,�(V<�7d(+0�b�Q1Od0h53i=Od(V<�79`L<LihOd*1(V<>,�|1.67�(+,rXYQ§v6¬ �~`�<>(+Z1(V7
XH<>0=T�E/-k:d0_<�7~Td(V7�C [Q1`L`L(V7��R<L7~T9(V7d(V7�T9<L(V5/(+0HAY(+03(V<LihOsT9<L(�-_:9`�`�(V<L7953ihO9`L<>(V5=5/,+�9<L5/,�(V<�7d(�q�(V5fe
53:97dZ�79<LihOz,_a�(VOd0 WV:d|1(+0=`r[Q15353<>Z$a�[.1Z6`�<Li=O�E



��� � ���	��
����������������
���������� �"!$#��%���&���"' ��()���&*+�,(�
����

)NSM/LSM 2 ln(L
0 20 40 60 80 100 120

0

20

40

60

80

100

120

140

Spin 0, CP even

Spin 0, CP odd

Spin 1, CP even

Spin 1, CP odd

Likelihoodratio Distribution

 = 160 GeVHm
-1L = 30 fb∫

�®�®�¯Â°;±�²�³�´ µ�¶¸· ��¹sÄRÆ+»ÇÀmÆ+Á�� ¾�Ã-Ø&½zÆ¡» 	�Î�Ýz»hÊ¡á+Ý�Æ¡Á;Ã � ÁÂá+Ý6¿1Æ+Á;À;Ê��SÆ¡»hÝ àÎ��ÙÀÂÃ9ÁªÊ=ÊVÆ�Ë à¾�»�Æ¡Á;Ã�Æ ��ÁÙØ\ØSÊ��
��Î�Ê=ÊVÆ ��¼SÃ 	*� �+��ÆRÄ�¾�Ã�½�Æ¡Á;Ã�Æ¡»�Á;ÃRÀmÆÈØ6»hÁÈÆ¡»¡ÀmÆ¡ÃsÔ)¾�ÍPÁ;Ã�¼�ÊÇÁ;À àÎ6À �S¼SÃ�� �HË+É - 7 â



������$���%���,�%�,*�������(��������	�8! ;�
�
 ��� �

 [GeV]Hm
120 130 140 150 160 170 180

)
N

S
M

/L
S

M
E

xp
ec

te
d

 li
ke

lih
o

o
d

 r
at

io
 2

 ln
(L

0

10

20

30

40

50

60

70

-1Likelihood ratio SM vs. Spin 0, CP odd   -    30 fb

 [GeV]Hm
120 130 140 150 160 170 180

)
N

S
M

/L
S

M
E

xp
ec

te
d

 li
ke

lih
o

o
d

 r
at

io
 2

 ln
(L

0

5

10

15

20

25

30

35

-1Likelihood ratio SM vs. Spin 0, CP even   -    30 fb

p®�®G¯;°;±G²�³�´wµ�¶¸· �o¹ & »hÓ{Î1»ÇÀmÆVÀmÆkÔ)Á�¿6Æ�� Á�Ý�¼V¼V½S»/Î1ÀÂÁ¸¼kË4à¾�» �SÆ¡»hÊ¡á+ÝzÁÈÆ3½zÆ+Ã�Æ1��Á>ØNØSÊ �)��Î�Ê=ÊVÆ¡Ã�¾�Ã�½�Æ¡Á �
Ã�Æ¡»�Á;ÃRÀmÆmØ1»ÇÁ¸Æ+»ÇÀmÆ+ÃpÔG¾�ÍUÁªÃ�¼SÊhÁÂÀ àÎ1À���¼SÃ � �uË+É�- 7 â�Û�Á¸Æ��IÆ¡Ý*�LÆ¡»VÉ3Î�� ¿1Æ+ÃpØ-Æ\É=Æ¡Ã~½zÆ+Ã �	�§Ú~½zÆ+»�ÄRÆ+»��
ÀmÆ¡Á#� ¾�Ã-Øp½zÆÇÊ �k¾�Ê=Ê+á¡Ý*� ¾�Ê=Ê+Æ¡ÊkÓ)ÁÈÆ3½-Æ¡»hÜ�Ê+¼$Ó)ÁÈÆ�Æ+»�ÎS¾�Ê	��¼SÃRÀmÆ � �)ÎS»��Ù¼��)& � ÕdÆ+»hÁ;Í�Æ¡ÃRÀmÆ+Ã�ÉhÆÇÊ¡ÀÂÁªÍUÍ�ÀÓ)¾�»/½zÆ � �ÇØ�>â ��É\ÉVâ��6â 	 � �SâPÛUÆ¡»�¼zÉhÆ¡»3Æ �Y»fÎhÕ�Ý^Ø1ÁÈÉ+Àp½-Æ¡Ã �k¾�Ê=Ê+á¡Ý*� ¾�Ê=Ê�½zÆÇÊ�ºDÊ+Æ+¾d½z¼�Ê=¿1Î��ÙÎ1»=Ê
������	�Ü	�
���� ���wÎ1ÃdÜ�½zÆ¡»�¾�ÃRÀmÆ+»/Æ�½zÆ+Ã@½zÆ+»$×�Á¸á¡Ý-À �¢ÚRÀÈÎSÃ�½zÎS»f½��)��¼V½zÆ��#� �oº �/Æ �SÆ+Ã � �hÕ�¼6À;Ý�Æ �
Ê+Æ �����	�Ü	�
����� ���Sâ



����� ���	��
����������������
���������� �"!$#��%���&���"' ��()���&*+�,(�
����

 [GeV]Hm
150 155 160 165 170 175 180

)
N

S
M

/L
S

M
E

xp
ec

te
d

 li
ke

lih
o

o
d

 r
at

io
 2

 ln
(L

0

5

10

15

20

25

-1Likelihood ratio SM vs. Spin 1, CP odd   -    30 fb

 [GeV]Hm
150 155 160 165 170 175 180

E
xp

ec
te

d
 li

ke
lih

o
o

d
 r

at
io

0

5

10

15

20

25

-1Likelihood ratio SM vs. Spin 1, CP even   -    30 fb

�®�®�¯Â°;±�²�³�´ µo¶Â· �o¹ &D»ÇÓ{ÎS»ÇÀmÆVÀmÆ�ÔGÁª¿1Æ � ÁªÝ�¼V¼N½S»fÎ6ÀÂÁÂ¼�Ë à¾�» �SÆ¡»hÊ¡á+ÝzÁÈÆ3½zÆ+Ã�Æ���ÁÙØ\ØSÊ��'��ÎSÊ=Ê+Æ+Ã¤¾�Ã�½
Æ+ÁªÃ�Æ+»sÁ;ÃRÀmÆmØ1»ÇÁ¸Æ+»ÇÀmÆ+Ã@ÔG¾�ÍUÁªÃ�¼�ÊhÁÂÀ àÎ1À �S¼SÃ � �¢ËVÉC- 7 âBÛ�Á¸Æ ��ÆÇÝ*�LÆ¡»VÉ3Î�� ¿1Æ+Ã@Ø�ÆNÉ=Æ+Ã¤½zÆ+Ã �	�§Ú¤½-Æ¡»
ÄRÆ+»ÇÀmÆ+Á�� ¾�Ã-Øt½zÆÇÊ �k¾�ÊhÊ¡á¡Ý�� ¾�Ê=ÊVÆÇÊ�Ó)ÁÈÆ3½zÆ+»=Ü�Ê+¼�Ó)ÁÈÆ§Æ¡»�ÎS¾�Ê ��¼1ÃRÀmÆ � �)ÎS»��Ù¼ �'& � ÕdÆ¡»ÇÁ;Í$Æ+ÃRÀmÆ¡Ã¤ÉhÆ �Ê¡ÀÂÁªÍUÍ�ÀoÓ)¾�»/½zÆ��'�¡Ø�>â ��ÉNÉVâ �6â 	 � �1â9ÛPÆ+»�¼zÉ=Æ+»/Æ �Y»/ÎhÕRÝ�Ø1ÁÈÉ+ÀI½-Æ¡Ã��k¾�Ê=Ê¡á+Ý*� ¾-ÊhÊ ½-ÆÇÊ � � ÁÂÎ�� �SÆ¡¿�ÀÈ¼S»hÊ
� �

�
��	�Ü	�

�
� ���pÎSÃ9ÜY½zÆ¡»�¾�Ã�ÀmÆ¡»3ÆU½zÆ¡Ã�½zÆ+»sÄRÆÇ¿SÀÈ¼S» �)� �hÕ�¼1À;Ý�Æ¡Ê+Æ � �

�
��	�Ü �

�
� ���Sâ



������$���%���,�%�,*�������(��������	�8! ;�
�
 ��� �

1�2	3�35476�8:9,2<;�� DNH 2���?��S6	A51���3�3
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�k<L(P')(+0=,/(V<L`L:97dZ�Td(V5B,/0hQ1795/|1(+0=53Q1`L(V7��1(+,fer�1(+,feÈbc<L7d*1(V`�5�(+0=a�[.1Z6`L<�i=O-,�[:d24(+0BT9(V7§Z10\[.1]1,/(V7$7�(V<L`
Td(V5�qsQ1535/(V7-24(+03(V<Li=OR5�:97-,/(+0=O9Q1`>2!Td(+0U«o«�e¢��i=O-Xu(V`�`>(�T9<>($AY(V5/,3<�a$a�:R7dZ�|1.67t���R<L7�:R79T!�Dl�E
b@<>(D<L7PFH2R2R<L`LT9:R7dZHJ�E"#kWV:P(+03*1(V797d(V7��S2R<L(+,/(V7PQS24(+0)Q1:9ihOPTR<>(�DI(+�9,/.67d(V7UQ1:95)Td(Va b^e¢«�(+038ÂQ1`L`
(V<L7d(V7wFk7953QS,/W�WV:t���R<L7demAu(V53,3<La$aP:97dZdE��B:d0=i=O�T9<>(�W+XY(V<{79<LihOz,�79Q1i=O-Xu(V<�5/2RQS03(V7 -H(V:d,/0h<L7d.65
<L5/,$T9<>(~©H(+*1.6795/,/0=:9*-,3<>.67ÒTd(+0$bc<L7d*1(V` XH<L(~<La «�(+038ÂQ1`L` Td(+0�«�emlGQ1QS03(s79<�i=O-,$a [.1Z6`L<LihO�E{�B<>(
79Q1Od(V`L<>(+Z1(V7RTd(p'nQS0h<LQS2R`>(~¥�¦F+"+�W+(V<>Z1,�8h[:90$Q1`L`>(�j 0��4.1,3Od(V5/(V7&(V<L7ta�(VO90�.�Td(+0�XY(V79<>Z1(+0pQ1:95fe
Z1(+�90\[QSZ1,/(V5Uq�Q Pd<LaP:9a 24(V<n¥�¦F+"+ / x�E��B<>(�qsQ1535/(V7-|1(+03,/(V<L`�:97dZa*	+"+uQ1`L`>(+0=T9<�7dZ65B79<La$a�,�<LOd0
q�Q Pd<LaP:9a�24(V<�|1(+0=53ihO9<>(VTd(V7d(V7$bw(+03,/(V7�Q17�E-�k<L(H��.10303(V`�QS,3<>.67UW+XH<L53ihOd(V7$Td(V7CDo(+�9,/.67d(V7$2R<L`Ùe
Td(+, 53<Li=O�<�7�TR<>(V5/(+0D')(+03,/(V<L`L:R7dZ�5/(VOd0D(65�(+*�,3<>|�QS2oEd¨{<L7�79Q1O9(V`L<>(+Z1(V79Td(+0 :97RT�<�7z,3:9<L,3<>|1(+0Dbw(+03,
WV:d0��_7-,/(+0=53ihOd(V<LT9:R7dZ$Td(+0Hj�0-�4.1,3Od(V53(V7~<L5/,�Td(+0kq�<>,/,/(V`LXu(+03,�T9(+0 *,+-+ÙeÈ')(+03,/(V<L`�:97dZdE
F_79T9(+0=5)Q1`L5)24(V<9Td(+0Yq~(V535=:97dZ�Td(+0D�1(+,feÈbc<L7d*1(V`ÙeÈ')(+03,/(V<�`L:97dZ�aP:9535n7�:97�Q1:d8�T9<L(�F_7-Xu(V7RT9:97dZ
Td(+0"Do(+�9,/.67�e¢�di=O979<L,/,/(Y|1(+0=WV<Li=O-,/(+,nXY(+0=Td(V7��ST9QBT9<>(Y|1(+0=53ihO9<>(VTd(V7d(V7U')(+0=,/(V<L`L:97dZ1(V7UTd(+0"DI(+�9,/.Se
7d(V7�:97-,/(+03(V<L7RQ179Td(+0I79QS,1[:90=`L<LihO�5/,3QS03*�*1.10=03(V`L<>(+03,�53<L79T�EV�BQ1T9:90=i=O�(+0=OI[.6O-,�53<�i=OPT9<>({Fk7dWVQ1O9`-Td(+0
��<>Z679Q1`>(+0=(V<>Z679<L5353(P(+,rXYQ15V��T9<L(�Td(+0��k7-,/(+03Z10=:979T9(+03(V<>Z679<L5=5/( 9f(VT9.�ihO!a�(VO90VEobc<>(VTd(+0�<�5/,�QS24(+0
T9<>(s«4Q1O9`HTd(+0p�k7z,/(+0=Z10=:979Td(+0=(V<>Z679<L5353(�7R<Li=O-,$*�0=<>,3<L53ihO��)XY.6O9`HQS24(+0pTR<>(~a�[.1Z6`L<LihO95/,$Z1(V7RQ1:d(
��(V797-,379<L5�T9(+0PCd.10ha�T9(+0�')(+03,/(V<�`L:97dZdE�¨{<L7d(pZ1(V79Q1:d(�').10=Od(+0=5=QSZ1(�<�5/,�WV:9a 9/(+,/WV<>Z1(V7�«�(V<>,fe
�R:97d*�,nXY(VTd(+0Yas[.1Z6`L<Li=O�e�XY(+Z1(V7�Td(+0D:97dWV:d03(V<�i=Od(V79T9(V7$AY(V53i=Od0=(V<>2R:97dZ�|1.67 - D�£kemln03.1W+(V5353(V7
:979T�jkQ1Td03.67R<L53<>(+0=:R7dZ65/(654(+*-,/(V7~eD7d.�i=O�53<L7R7z|1.6`L`ÈER�B<>( -_.10=a$Q1`�<L53<>(+0=:R7dZ$Td(V5k�_7-,/(+03Z10=:97RTd(V5
a�:95=5 Q1:9i=OsO9<>(+0�Q179O9Q17RT�Td(+0�03(VQ1`>(V7��_(+,/(+*�,/.10=T9QS,/(V7�(+038;.6`>Z1(V7�E
FH292�<L`LT9:979Z�J�ELK�!&W+(V<LZ1,sT9<>(w')(+0=,/(V<L`L:97dZ�T9(+0�¨n03Z1(+2�79<L535/(§8h[:d0~|�<>(V`>(�q�.67z,/(¡e¢� QS0=`>.Sem¨ P��4(¡e
0=<La�(V7d,/(�24(V<P(V<L7d(+0�jk<>Z1Z65ferqsQ1535/(�|1.67�K�$SxÖ}B(+'�24(V<P(V<L7d(+0w<L7-,/(+Z10=<>(+0=,/(V7RDI:9a$<�7d.653<>, [QS,
|1.67 �Sx~8;2 - 7+Eob�[Q1Od03(V79T!T9<>(p����<L7&K$Fk`>,/(+0=79QS,3<>|1(V7!:979T�T9(+0 -��dq�e¢��*�Q1`LQS0�*�`LQS0�Z1(+,/03(V797-,
53<L79T���<L5/, Td(+0�lu5/(V:9Td.653*�Q1`LQS0�:R7-:97-,/(+0=53ihOd(V<LTd2�QS0VE�Fk`L5 ¨{03XYQS0=,3:97dZ65/XY(+03,�Td(+0Hq�(V5353:979Z�XH<>0=T
Td(+0�qs<>,/,/(V`>XY(+03,�Td(+0�')(+03,/(V<L`L:979Z~|1(+03XY(V79Td(+,�:97RT�Td(+0�©kq���Q1`L5�(+03XDQS03,/(+,/(+0UCd(VO9`>(+0NEI�B<>(¡e
5/(~53<L79Tt8Ç[:d0$T9<L(�|1(+0=53i=OR<>(VTd(V7d(V7�j�0���.1,3O9(V5/(V7�<L7�F_292R<�`LT9:97dZ§J�ELK�$�:97RT�J�ELK J 9/(+Xu(V<L`�5�Z1(¡e
Z1(V7�Td(V7���,3Q179T9QS0=TRa�.�T9(V`L`ÙemC9Q1`L`dQ1:98ªZ1(+,/0=QSZ1(V7oE��B<>(_qsQ1535/(V7-XY(+03,/(BW+(V<>Z1(V7�(V<�7d(�*1.6a��R`�<>WV<>(+03,/(
FH2RO [Q17dZ6<>Z1*1(V<>,B|1.67�Td(+0�jk<>Z1Z65ferqsQ1535/(1��T9Q�Td(+0�q�<L,/,/(V`>Xu(+0=,�|1.67�Td(+0�jk<>Z1Z65ferqsQ1535/(�5/(V`L2R5/,+�
QS2�(+0UQ1:9ihO!|1.6a�qs<>,/,/(V`>XY(+03,UTd(V5��k7-,/(+03Z10=:979T9(V5�:97RT�Td(+0P03(V`LQS,3<>|1(V7�Fk7dWVQ1O9`YTd(+0P�k7-,/(+0/e
Z10=:979Td(+0=(V<>Z679<L5353(�QS2RO�[Q17dZ1,+E{Fk`L5U(+03XDQS03,/(+,/(�Fk:9535=i=O9`L:R535fe¢��<>Z67R<>�9*SQ17dW$XH<>0hT&T9Q1797&T9<>(~�B<>8ªe
8ª(+03(V79W$Td(+0�¨n0=XYQS03,3:R7dZ65/XY(+03,/(1�oZ1(+,/(V<L`>,�TR:d0=i=O�Td(V7§(+03XDQS03,/(+,/(+,/(V7tCd(VO9`>(+0�|1(+0=Xu(V79T9(+,+EI�k(+0
(+03XYQS0=,/(+,/(BFk:9535=i=O9`L:R535{<L53,u<L7�FH2R2oE�J�ELK�#�Z1(+Z1(V7�T9<>(kj_<LZ1Z65ferq�Q15=5/(�Q1:d8ªZ1(+,/0hQSZ1(V7�E� ¢a�j_<LZ1Z65fe
q�Q15353(V7�emAY(+03(V<Li=O�.124(+0=O9Q1`L2�|1.67§K�!Sx$}k(+'ß*�[.6797d(V7�Q1`L5/.�24(V<LT9(k���R<L7sK_j�0���.1,3O9(V5/(V7pQ1:R5/Z1(¡e
53i=O9`L.6535/(V7�XY(+0=Td(V7�EV�k(+0�F_:95=53i=O9`�:9535�Td(+0IQ1`L,/(+0=79QS,3<>|1(V7U���R<L7Bx�j�0-�4.1,3Od(V53(V7�<L5/,�XY(V79<>Z1(+0IZ6:d,+E
��.6`L`>,/(UT9<>($q�(+,3Od.�T9($Td(V5�Cd.103XDQS0=T�er�6(+,feH7�QSZ1Z6<�7dZ65�Q1:9ihOw24(V<GOd.6Od(+0�DI:Ra$<L7d.653<L, [QS,k8Â:97d*�,3<>.Se
79<>(+03(V7��S5/.�<L53,GT9(+0 -B�9q ���R<�7Px��-� l)eÈ(+|1(V7$C9Q1`�`9a�[.1Z6`L<LihOd(+03XY(V<L5/( Q1:9ihO$7d.�i=O�Q1:9535=i=O9`L<L(+]12RQS0VE
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Distribution of Mean of Dilepton-Mass

 = 160 GeVHm
-1L = 30 fb∫

�®�®�¯Â°;±�²�³�´�µ�¶¸·���¹!ÄRÆ¡»¡ÀmÆ¡Á#� ¾�Ã�Ø^½zÆ+»wÍUÁ;À¸À"�LÆ¡»3Æ¡ÃÖÛ�Á��LÆrÕ4ÀÈ¼SÃ9Í$Î�Ê=ÊVÆpË à¾�»�½SÁÈÆ �SÆ+»=Ê+á¡ÝzÁÈÆ3½zÆ+Ã�Æ¡Ã
ÌU¼hÕzÕ!� ¾�Ã-Ø�Æ¡Ã§Ë à¾�» �\Á¸Æ �>Æ ��¼1ÃRÀmÆ � �)ÎS»��Ù¼ �'& � ÕdÆ¡»ÇÁ;Í$Æ+ÃRÀmÆVâ_Û�ÁÈÆ ��»3Æ¡ÁÂÀmÆ�½zÆ¡»ÒÄ�Æ¡»¡ÀmÆ¡Á#� ¾�Ã-Ø�Æ¡ÃßÆ¡ÃRÀ �ÊmÕ�»hÁ¸á¡Ý�ÀD½-Æ¡Í#Æ+»hÓ{Î1»ÇÀmÆVÀmÆ¡Ã �IÆ¡Ý*�LÆ¡»+â
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Spin 0, CP odd

Expected mean dilepton mass

p®�®G¯;°;±G²�³�´�µo¶Â·�$�¹�Û�ÁÈÆ Æ¡»ÇÓ{ÎS»¡ÀmÆ+ÀmÆDÍUÁÂÀ¸À"�>Æ+»/Æ ��Î�ÊhÊ+Æ ½zÆ¡ÊGÔIÆ¢Õ�ÀÈ¼SÃSÕdÎ6ÎS»3ÆÇÊ�¾�Ã�½B½SÁÈÆ�Æ¡»ÇÓ{ÎS»¡ÀmÆ+ÀmÆ¡Ã
�IÆÇÝ��>Æ+»=ÜIÎS¾¡Ë/Ø-Æ+ÀÂ»/ÎVØ�Æ¡ÃPØ�ÆÈØ�Æ¡Ãp½SÁÈÆ ��Á>ØNØSÊ �)��Î�Ê=ÊVÆVâ � É=Æ¡Ã$ÊhÁ;Ã�½�½SÁÈÆ 	�Æ¡»¡ÀmÆ4Ë à¾�» ½zÆ+ÃU×�Ú�� �¢Úd¿SÎ�ÙÎS»
¾�Ã�½�½zÎ�Ê�Ú�� �'��ÁÙØ\ØSÊ�½6ÎS»¸Ø-ÆÇÊ¡ÀmÆ��#� À;ÜY¾�ÃRÀmÆ¡ÃUË à¾�»�½-Æ¡Ã�ºYÊVÆ¡¾9½6¼�Êh¿SÎ��>ÎS»P¾�Ã�½�½zÎ�Ê�Ú�� �'��ÁÙØ\ØSÊ¡â
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Expected mean dilepton mass

�®�®�¯Â°;±�²�³�´pµ�¶¸· ��¹-Û�Á¸Æ Æ+»hÓ{Î1»ÇÀmÆVÀmÆDÍUÁ;À¸À"�LÆ¡»3Æ ��Î�Ê=ÊVÆ ½zÆ¡ÊGÔIÆ¢Õ�ÀÈ¼SÃSÕ�ÎzÎS»/Æ¡Ê ¾�Ã�½�½SÁ¸ÆHÆ¡»ÇÓ{ÎS»ÇÀmÆVÀmÆ¡Ã
��ÆÇÝ*�LÆ¡»hÜ)Î1¾ÇË/Ø-ÆVÀÂ»fÎNØ-Æ¡Ã�Ø-ÆmØ-Æ¡Ã�½1Á¸Æ	��Á>ØNØSÊ �)��Î�Ê=ÊVÆVâ � ÉhÆ¡Ã�ÊÇÁªÃ�½�½SÁ¸Æ 	sÆ¡»¡ÀmÆGË à¾�»k½zÆ+ÃÒÄRÆÇ¿SÀÈ¼S»_¾�Ã�½
½6ÎSÊ�Ú�� �'��ÁÙØ\ØSÊ�½6ÎS»¸Ø-ÆÇÊ¡ÀmÆ��#� À;ÜY¾�ÃRÀmÆ¡ÃPË à¾�»�½-Æ¡Ã � � ÁÂÎ� �1ÆÇ¿�ÀÈ¼1»�¾�Ã�½�½6Î�Ê�Ú�� �)��Á>ØNØSÊ+â
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llExpected exclusion significance using M

-1L = 30 fb∫

p®�®G¯;°;±G²�³�´&µ�¶¸· �o¹nÏo¾�Ê¡Î1ÍPÍ�Æ+ÃdÊÇÀmÆ ��� ¾�Ã-Ø~½zÆ¡ÊUÆ¡»ÇÓ{ÎS»¡ÀmÆ+ÀmÆ¡Ã �k¾�Ê=Ê¡á+Ý*� ¾-ÊhÊ+Æ¡ÊP½zÆ¡»UÎ��ÙÀmÆ¡»ÇÃ�Î1ÀÂÁ#�SÆ¡Ã
ÌU¼hÕ6Õ!� ¾�Ã-Ø-Æ+ÃwÎ1ÃdÝ�ÎSÃ�½�½zÆ¡»kÛ�Á#�>Æ¢Õ�ÀÈ¼SÃ �'��ÎSÊ=Ê+ÆNâ �kÍ ½-Æ¡¾dÀ"� Á¸á¡ÝzÊÇÀmÆ¡Ã§ÊÇÁªÃ�½�½1Á¸Æ�ÚSÕ�ÁªÃ 	 � �hÕ�¼6À;Ý�Æ �
Ê+Æ¡ÃwÎS¾�ÊfØ�ÆÇÊ+á¡Ý*�>¼�Ê=ÊVÆ¡Ã�â à�)ÉhÆ¡»�½zÆ+Ã~ºDÊ+Æ+¾d½z¼�Ê=¿1Î��ÙÎ1»�¿SÎ1Ã9ÃsÍUÁÂÀY½1Á¸Æ¡Ê+Æ¡» ��Æ+À;Ý�¼V½zÆ�¿1Æ+ÁªÃ4Æ �k¾�ÊhÊ¡ÎVØ�Æ
Ø-Æ¡Í$Î6á+Ý-À)ÓuÆ+»f½zÆ+Ã�âoÛ�Á¸Æ�ÚSÕ�Á;Ã � � �ÙÀmÆ¡»ÇÃ�Î1ÀÂÁ#�SÆ¡Ã�¿ à¼SÃRÃ�Æ¡ÃwÎzÉ=Æ+»�ÎSÃdÝ�ÎSÃ�½ � ; ÏIÏ�¾�Ã�½�½zÆ¡ÊkÞ9Æ+À �
	�ÁªÃ9¿1Æ�� Ê�ÁªÃ 	����ÅÎ1¾-Ê/Ø-Æ¡Ê¡á¡Ý��Ù¼�ÊhÊ+Æ+ÃwÓuÆ¡»/½zÆ¡Ã�â
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� /Bx �@W<X(/��UK � /Bx �@W<X /ke=K � /UK �mW<X(/���K � /UK �mW<X(/_e=K
��� / ·�$ � �����
� ��� KVv�E! ��b$�E J v�$�E! ��UK+x�E�� J�E v��b!�E J #�E x	�b!�E v
� ��� $�E v��  dE J KVv�E J
� J-E v  dE"$��  dE v  dELK�� ��E J
� � / · � � �����
� ��� J�E J
�b!�E"# K ��E"#�� J-E"$ J�ELK��b!�E"! #�E J
�b!�E! 
� ���  dE J
�  dE"$ J-E x	�b!�E"!  dE"!��  dE"$  dE J
�  dE! 
� � / · � � �����
� ��� !�E"!��  dE J K1KSE"#���$�E"# J-E x	�b!�E�� $�E v��b!�E v
� ��� v�E"$�� ��E! !�E J
�b!�E x ��E! �� ��E"# ��E v�� ��E J
# �9®$��°Â°��tµo¶ �4¹YÛ�ÁÈÆ�Æ+»hÓ{Î1»ÇÀmÆVÀmÆ$ÔGÁª¿1Æ � ÁªÝ�¼V¼V½1»fÎ1ÀÂÁ¸¼ � `�74? ' Y�R � '� Y�R M ¾�Ã�½§½zÆ¡»3Æ¡Ã&ÚRÀÂ»3Æ¡¾�¾�Ã-Ø
Ë à¾�» �1Æ¡»hÊ¡á+ÝzÁ¸Æ=½zÆ¡Ã4Æ ��Á>ØNØSÊ �)��Î�Ê=ÊVÆ¡Ã^¾�Ã�½ �SÆ+»=Ê+á¡ÝzÁÈÆ3½-Æ¡Ã@ÊÇÀÈÎS»h¿1Æ ��ÃRÀmÆ¡»/½S» à¾9á¡¿\¾�Ã-Ø�Æ¡Ãc½zÆ¡»pÌU¼S» �
»3Æ��>Î1ÀÂÁ¸¼SÃ�â � ����É=ÆhÑNÆ¡Á¸á¡Ý-Ã�Æ+ÀU½zÆ¡Ã �IÎ��#� ÜPÁªÃß½zÆ+Í � ����½-Æ¡»~Ú9Á>Ø1Ã�Î��>Æ+»/Æ+ÁÙØ6Ã9ÁªÊ=Ê+Æ�ÎS¾�Ês½zÆ¡»�Ô � �
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bc<L7d*1(V` ��(+0=5/,/(+0=(�q�(+,3Od.�Td(�O9QS, QS24(+0DT9(V7p').10=,/(V<L`¸��|1.67�¨"54(+*-,/(V7�O�[.6Od(+03(+0H£k0=T97�:97dZ�*�Q1:Ra
24(+(V<L7-,/0\[Q1i=O-,3<>Z1,_WV:~XY(+0=Td(V7�E��kQ15k<L5/, 24(V<oT9(+0k�1(+,feÈbc<L7d*1(V`>eÈ')(+03,/(V<L`L:979Z�a�[.1Z6`L<LihOd(+03XY(V<L5/(�Q17de
Td(+0h5+E6�k(+0{bc<>03*�:97dZ65 g :d(+0=53ihO979<>,/,)Td(+0{')(+*-,/.10324.65/.67demC9:953<>.67p79<La$a�,n<L7 - D�£@W+XDQS0u7�:d0{:Ra
$ K+xzy�WV:��dQ1`L`>(+0=T9<�7dZ65uO9(V<>]1,�T9Q15 79<LihOz,+�9TRQ1535 T9<>(kb@<�7d*1(V`>|1(+03,/(V<L`�:97dZ1(V7�53<LihO�79<Li=O-,�5/, [QS03*1(+0[Q179T9(+0=7w*�[.6797d(V7�E - D�£_em©H(Vi=O97�:97dZ1(V7�8h[:d0�Td(V7!��,3Q179TRQS0=T9a�.�Td(V`L`ÙemCRQ1`L`I(�Pd<L5/,3<L(+03(V7 I  zJ Lu:R79T
W+(V<>Z1(V7!*1(V<L7d(�Xu(V5/(V7-,3`L<LihOd( [Fk79Td(+0=:R7dZ~Td(+0P�6(+,feÈb@<�7d*1(V`Ùem��.1030=(V`LQS,3<>.67Ò?Â5+E�FH2R2oE�J�ELKVJ6MhEG�_(+0
}k0=.1]1,/(V<L`4Td(+0�- D�£keH7I(+0=a$(kO9QS,Y79<LihOz,35Da$<>,uTd(+0Y��.1�9�R`L:979Z�Td(V5Yj_<>Z1Z65DQ17�T9<>(_')(+*-,/.10324.65/.Se
7d(V7�WV:�,3:R7��z5/.679T9(+0=7$24(+,/0=< 54,{Td(V7pO9Q1Td03.67R<L53i=O9(V7N7I(V<�`RTd(V5uln03.1W+(V5353(V5+E��B<>(V53(_��.1030=(+*-,3:d0=(V7
53<�79T�8h[:90�T9<>(�-_<�i=O-,fe¢��,3Q179T9QS0=TRa�.�T9(V`L`ÙemC [Q1`L`>($[Q1O979`�<Li=O�E
¨u<L7��4.1,/(V7z,3<L(V`L`>(V5{l{03.12R`>(Va <L5/,uTR<>(�Cd(VO9`L<�Td(V7z,3<L�9*�QS,3<L.67�|1.67 7�QSZSer�1(+,35VEd��.6`�`>,/(HTd(+0YF_7-,/(V<L`RQ17
O9QS0=,/(+0� f79<>,3<LQ1`L53,3QS,/(¡e¢��,/0=Q1O9`L:R7dZp.�Td(+0�CG<L7RQ1`L5/,3QS,/(¡e¢��,/0=Q1OR`L:97dZ�Z10 [.1]1(+0U5/(V<L7wQ1`L5�<La�q�.6a�(V7z,
(+03XDQS03,/(+,+�95/.U*1.6a$a$(V7�¨{03(V<>Z679<�535/(_OR<L7dWV:���T9<>(H(V<�7d(+0&.RQ1i=Od(V7�bc<L7d*1(V`>|1(+0=,/(V<L`L:97dZ�8ª.6`LZ1(V7���TRQ
T9<L(�24(+,/(V<L`L<LZ1,/(V7��6(+,35�79<Li=O-,35�a$<>,BTd(Va#O9QS03,/(V7w¨{03(V<>Z679<�5HWV:§,3:97§O9QS24(V7�E��_a TR<>(PFk:95/X_<>0/e
*�:97dZ1(V7$53.6`Li=Od(+0u¨"54(+*-,/(_WV:$53<LaP:9`L<>(+0=(V7��\XY(+0=Td(V7$(V<L79a$Q1`+J�xzy :979T�<L7U(V<L79(Va�Xu(V<L,/(+03(V7�C9Q1`�`
!Sxzy Td(+0{¨{03(V<>Z679<L5=5/(�Q1:95{T9(+0 D�£_eÈ')(+0=,/(V<L`L:97dZ�Z1(V79.6a$a�(V7�:979T�Td(+0Y©�(V5/,{Q1:R5n(V<L7d(+0 .RQ1i=Od(V7
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Fk:95353QSZ1(+*�0=QS8;,�WV:�|1(+0h`L<>(+03(V7�E��B<>($Fk79Q1`0�5/($<L5/,�<�Td(V7z,3<�53i=Owa$<L,�Td(+0�Q1a�Fk7d8ÂQ17dZ~Td(V5���QS��<Ùe
,/(V`L5VE� f7 7�QS24(V`L`>(DJ�E vB53<L79T�¨n03XDQS03,3:979Z65/Xu(+0=,/(D:R79T�©kq���Td(+0"DI<L*1(V`L<LOd.�.�T90=QS,3<>.SeÈ')(+03,/(V<L`�:97dZ1(V7
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¾�Ã�½�½zÆ+» 	~Áª»h¿\¾�Ã-Ø1Ê��+¾RÆ+»=Ê+á¡ÝzÃ9ÁÂÀ¸À�Æ+»=Ý à¼SÝ-ÀoÊÇÁÂá+Ý�¾�Í Æ+ÀÂÓ{Î ����â �\ÄIÁ¸Æ �>Æ+ÃUÛPÎSÃd¿�ÎSÃ �)Î1» �>¼ � �LÆ3Î1»hÁ
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?¸vG`L7�? ' Y R � ' � Y R M3MkQ1:d8;Z1(V`L<L5/,/(+,+E4 fi=Ow24(V53ihOd0 [Q17d*1($a$<�i=O§T9QS24(V<GQ1:d8YT9(V7�q�Q15353(V7z24(+03(V<LihO��
<L7�Td(Va�T9<>(V53($'nQS0=<LQS2R`L(pQ1a <L7-,/(+03(V5353Q17-,/(V5/,/(V7t<L5/,+E�¨{5P<L5/,�Q1`�5/.�5=<Li=Od(+0=WV:95/,/(V`L`>(V7o�IT9Q1535PT9<>(
��(V`>(+*�,3<>.67w,3QS,35N[Q1ihO9`L<LihO�(��$WV<L(V7z,�TR<>(�0=<LihOz,3<>Z1(V7 7�QSZSer�6(+,35P(+0=a$<>,/,/(V`>,+EG«4:wZ103.1]1(+0P*1.6a�2�<L79Q�e
,/.10=<L53ihOd(+0Y�k7-,/(+03Z10=:979Tp*SQ1797pTR<>(k��<>Z67R<>�9*SQ17dWHTd(+0 q~(V5=53:97dZ�WV:979<LihOz,/(Ba$Q1i=O9(V7�E�Fk`L`>(+0hT9<L7dZ65
2�(+06[:9i3*�53<LihOz,3<>Z1(V7�T9<>(�Fk79Q1`0�5/(V7�T9<>(V5/(V5H��QS�R<>,/(V`L5HT9<>(���(V`>(+*�,3<>.6795/e{:979T��k(+,/(+*-,/.10=(65�(+*�,/(�5/.
Z6:d,+��X_<>(�(V5�<�a Fk:dZ1(V7-2R`L<Li=*�a�[.1Z6`L<LihOs<�5/,+��:R79TsTR<>( - D�£kem©�(Vi=OR7-:979Z1(V7sW+(V<LZ1(V7§*1(V<L7d(PZ10=Q�e
|�<>(+0=(V79Td(V7 [Fk79Td(+0h:97dZ1(V7ÒQ17@Td(V7^')(+03,/(V<L`L:R7dZ1(V7�ED�kQ1O9(+0�5=<L79T�T9<L(s<L7 ½SÁ¸Æ¡Ê+Æ+Í F_2R53i=OR79<>,/,
Z1(Va$Q1i=O-,/(V7sFk7979Q1ORa�(V7�Q1`L5 (�P�,/03(Va��4(V535=<La$<L5/,3<�53i=Op(V<L7dWV:953,3:d8ª(V7oE



����� ���	��
����������������
���������� �"!$#��%���&���"' ��()���&*+�,(�
����

����� �	��
����
���������������������� � ���

').10$Q1`L`L(Va <La�AY(+03(V<LihO�53(VOd0P7R<>(VTd0=<>Z1(+0Pj_<LZ1Z65ferq�Q15=5/(V7ß?\[^] $ KVvSx�}B(+'�M�<L5/,PTd(+0UF_:95/e53ihO9`L:95=5�Td(+0�Q1`>,/(+0h79QS,3<>|1(V7����R<L7�x�j 0��4.1,3Od(V5/(V7t:97-2�(+8;0=<>(VTR<>Z1(V79T�EI�B:d0hi=OtT9<>(p*�`>(V<�7d(��RQS03e
,3<>(V`�`>(�AY03(V<>,/($8 [:d0Pj<;�b@b <L5/,�O9<>(+0�T9<L(�F_7RQ1`0�53(�5/,3QS,3<L5/,3<�53i=O!5/,3QS03*�`L<La�<>,3<>(+03,+E4 f7�T9<>(V53(Va
qsQ1535/(V7-24(+03(V<Li=O�2R<>(+,/(+,YTd(+0Y«�(+038ÂQ1`L`9<�7�W+Xu(V<)B�(V<L7�24(V5353(+03(V5Y��<LZ679Q1`ÙeÈWV:�em�k7z,/(+0=Z10=:979Td|1(+0hOI[Q1`>,fe
79<�5+ER«�(+038/[Q1`L`>, a$<L79T9(V5/,/(V795D(V<L7d(V5 T9(+0 B�`>(+�9,/.679<�53i=O��d5/.�*�Q1797�TRQ15 (V7z,353,3Q179Td(V7d( DI(+�9,/.67~T9Q15
¨$P��4(+0=<La$(V7z,�,/0=<>Z1Z1(+0=7�E� ¢7�Td(+0U*1.6`L<L79(VQS03(V7 -U[Q1Od(+0=:R7dZ�*�[.6797d(V7�T9<>( B!a$<L,�jk<L`>8;(pTd(V5�8ª(VOde
`>(V7RTd(V7Ò fa��R:R`L5/(V5�Z6:d,�Z1(V7�:dZt03(+*1.6795/,/0=:R<>(+03,�XY(+0=Td(V7o�Y:9a (V<L7d(V7^*�`>(V<L7d(V7c��<>Z679Q1`>24(+03(V<�i=O
<L7&T9(+0� ¢7-|�QS0h<LQ17z,/(V7derq�Q15353(V7�eÈ')(+03,/(V<L`L:R7dZwWV:�Td(+�R7R<>(+03(V7�EG�B<>(~¨n03(V<LZ679<L535/(V`L(+*-,3<>.67!8Â:97d*�,3<>.Se
79<L(+03,$<La }k0h:979Td(�Z6`>(V<�i=O��{a�<>,$(+,mXDQ15p.1�9,3<La$<>(+0=,/(V7^��i=OR79<>,/,/(V7�EY��,3QS,/,pTd(V5NB�eÈ')(+,/.65�XH<L0=T
O9<L(+0_<La }k(+Z1(V7-,/(V<L`GT9<>(�©H(+*1.6795/,/0=:9*-,3<>.67s|1.67 B DI(+�9,/.67d(V7s|1(+0=`LQ17dZ1,+E��k(+0_X_<Li=O-,3<>Z65/,/(U�_7de
,/(+0=5=i=O9<>(VT§24(V5/,/(VO-,�T9QS0=<�7���T9Q15=5B8h[:d0�T9<L(V5/(V7§��Q179Q1`)Td(+0�« � 9/(+,35��k7z,/(+03Z10h:979T�(V<L7d(UZ10\[.1]1(+03(
©H.6`L`>(�5/��<>(V`>,+E9�B<>(P�6(+,35_Q1:R5HT9<>(V53(VaÐ�k7z,/(+03Z10h:979T�ORQS2�(V7�T9<>(�¨u<>Z1(V7953ihO9QS8ª,+��24(+|1.103WV:dZ1,_a�<>,
¥�¦E131 $�� (Va$<>,/,3<>(+0=,kWV:�Xu(+0=T9(V7�EI«4:d0��_7-,/(+0=Td06[:9i3*�:97dZ�T9<>(V5/(V5��k7-,/(+03Z10=:979T9(V5B*�Q1797wa�Q17(V<L79(V7P��ihO979<>,/,G¥�¦E1 1bB^v�� v�(V<L798h[:9O903(V7�EV�BQ15�XH<>03*�,I53<LihO�Q1:d89TR<>(uq�(V535/2RQS03*1(V<L,�Td(+0���.1�9�R`�:97dZ
Q1:95VEo�k:90=i=O!T9<>(�¨{<L7R53i=Od0 [Q17d*�:R7dZ�Q1:98YT9<L(V5/(V7§b@<�7d*1(V`>24(+03(V<LihO§|1(+0=`L<>(+03(V7wTR<>(U')(+03,/(V<L`L:979Z1(V7
|�<>(V`G|1.67w<LOd0=(+0BihO9QS0=QS*�,/(+0=<L5/,3<�53i=Od(V7�Cd.10=a�?Â5+EoF_292oEoJ�E vSxzMhEI¨u7z,353�903(Vi=O9(V79Tw<L5/,�T9<>(���<LZ679<>�de
*SQ17dW�Q1:95�T9<>(V5/(+0�q�(V5353:R7dZ~(VOd(+0�:R7z24(+8;0=<>(VT9<>Z1(V7RT�?Â5+E�FH292IEIJ�E v�KNMhE�Fk`L`>(+0=TR<L7dZ65k,/0=QSZ1(V7�TR<>(
B^5/(V`>24(+0����R<�7�eÈ ¢798ª.10=a�QS,3<>.67tQ1:95�Td(Va�«�(+038ÂQ1`L`¸�nTd(+0pWV:^:R7z,/(+0=5=i=O9<>(VTR`L<Li=O9(V7t')(+03,/(V<L`L:979Z1(V7
8h[:9Od03(V7�*�Q1797oE{¨{<L79(��_7-,/(+0=53:Ri=O�:97dZ!T9(V535/(V7�XP[QS03(sa$<L,$(�P�<�5/,3<>(+03(V79T9(V7�ln03.1Z10hQ1a$a�(V7�X_<>(
7�F �B£�DIF#a�[.1Z6`L<LihO�E{�B<>(~Z1(+0h<L7dZ1(~Fk7dWVQ1O9`�Q17^¨n03(V<>Z67R<L535/(V7&`m[Q15=5/,$T9Q15�QS24(+0�Q1:R5353<LihOz,353`L.65
(+0=5=i=Od(V<L79(V7�E-¨u7z,35/�R03(Vi=Od(V7RTd(k�k7-,/(+0=53:9ihO-:979Z1(V7p(�Pd<L5/,3<L(+03(V7$8h[:d0&7�¨Y��D�FÅ:979T�W+(V<>Z1(V7�(+038ª.6`LZSe
|1(+0=53�903(Vi=O9(V79Td(�¨{03Z1(+2R79<L5=5/(1E
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�k<L(�Z10 [.1]1,/(V7Ål{03.12R`>(Va�(s24(V<HTd(+0�AY(V5/,3<La$aP:97dZtTd(+0���.1�9�R`L:R7dZ6535/,/0=:9*-,3:d0�(V7-,35/,/(VOd(V7@24(V<
*�`>(V<�7d(V7&j_<LZ1Z65ferq�Q15=5/(V7�Eu�B<>(sQ1795/.6795/,/(V7Ò(+038;.6`>Z103(V<LihOd(V7Òq�(+,3Od.�T9(V7ÒTd(+0p|1.10=<>Z1(V7Ò��QS�R<>,/(V`
53i=Od(V<L,/(+0=7�Q1a�Z1(+0h<L7dZ1(V7�')(+0=W+Xu(V<>Z6:R7dZ65/|1(+0=OI[Q1`L,379<L5$<L7�')(+*-,/.10324.65/.679(V7�E{¨{<�7&2R<L53O9(+0$7d.�ihO
79<Li=O-,nZ1(V7�:d,/W+,/(+0�ln0=.�T9:9*-,3<>.67R5/�903.1W+(V535{<L5/,{T9<L(Hj_<LZ1Z6535/,/0=Q1O9`�:97dZ�|1.6a�«�Ez f7�TR<>(V5/(Va ��QS�R<>,/(V`
XH<>0=T�(V<L7P')(+038;Q1O903(V7PWV:d0)��.1�9�R`L:R7dZ65/24(V5/,3<La$aP:97dZ |1.10=Z1(V5/,/(V`L`>,+�1T9Q15GQ1:d8�Td(V7U¨{<>Z1(V795=i=O9QS8;,/(V7
T9<>(V5/(V5_ln03.�T9:d*�,3<>.6795/�R03.1W+(V535/(V5 2�Q153<>(+03,+ER�BQ15k')(+038ÂQ1Od03(V7�XH<>0=T~7�:d0kQ179O9Q179T�(V<L7d(+0H(V<�7dWV<>Z1(V7
j_<>Z1Z65/erq�Q15353(s|1.67�KVvSx&}k(+'�Td(Va�.67R5/,/0=<>(+03,+Eu�kQ�Td(+0�b@<L03*�:R7dZ65 g :d(+0=53ihO979<>,/,$Td(+0�j_<LZ1Z65fe5/,/0=Q1O9`L:R7dZ�.6O97d(VO9<L7§53ihOd.67�53(VOd0�*�`>(V<L7w<L5/,+��*1.6a�a�,�Q1`�5�«�(+038ÂQ1`L`)Td(V5�jk<>Z1Z65�7-:d0�j<; + P +U<L7
Cd0=QSZ1(1E�?Â5VERFH2R2oE�K+x�ELKNM
���R<L7�:979T~�Dlnem¨{<>Z1(V7-Xu(+0=,�Td(V5 j_<LZ1Z65�Td06[:9i=*1(V7�53<LihO�<L7�W+Xu(V<�'nQS0h<LQS2R`>(V7�Q1:95VE��B<>(�l�.6`LQS0h<L53Q�e
,3<>.67�Td(V5H«�emAY.65/.6795D8Ç[:9Od0=,{e{Q179Q1`L.1Z�WV:9aÐ«�(+038ÂQ1`L`�Td(V5�jk<>Z1Z65 <L7�W+Xu(V<�«�enWV:�T9(V7�,H0��R<L53ihOd(V7
l�.6`�QS03XH<L7d*1(V`L|1(+03,/(V<L`L:979Z1(V7��RT9<>(P<L7�FH292�<L`LT9:979Z~K+x�E vw?Â`L<L7d*�5hMDT9QS0=Z1(V5/,/(V`L`>,B53<L79ToE�Fk79Q1`>.1Z�Td(+0
q�Q15353(V7z|1(+03,/(V<�`L:97dZ�Td(V5k. 5�em5=Od(V`L`n«Ò?Â5VE4��QS�R<>,/(V` #�E v6M_OI[Q17dZ1,�T9<>(�')(+03,/(V<L`L:979Z�Td(+0�<L7-|SQS0=<LQ17�e
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Á;Í �H¾-ÝdÆÇÊ���Ê¡ÀmÆ¡Í�½zÆ¡Ê�Ï�¾�Ã�½s½SÁ¸Æ�ÄRÆ¡»¡ÀmÆ¡Á#� ¾�Ã�Ø�½zÆ+».��Î�Ê=ÊVÆ$½zÆ¡Ê > > + P + �rÚ ��Ê¡ÀmÆ¡ÍPÊ �m»/Æ=á¡Ý-À;Ê��Sâ � �#�>Æ
ÄRÆ+»ÇÀmÆ+Á�� ¾�Ã-Ø-Æ+Ã�ÊÇÁªÃ�½�Ã�¼S»hÍUÁÈÆ¡»¡ÀÈâ

,/(V7�q�Q15353(�Td(V5�> > + P +=e¢� 0�53,/(Va$5�?Â<¸E (1ERTR<>(���i=O-XY(+03�R:97d*�,35/(V7d(+0=Z6<>(�Td(V5�¨{|1(V7z,35hM�5/,3QS03*�|1.67�T9(+0
WV:dZ10h:979Td(_Z1(V`>(+Z1,/(V7���.1�9�R`L:R7dZ6535/,/0=:9*-,3:d0nQS2IE��B<>(V5Y<L5/,Y<L7�F_292R<L`�T9:97dZ�K+x�E v�?;03(Vi=O-,35hMYT9QS0=Z1(¡e
5/,/(V`�`>,+E
�B<>(���<>Z67RQS,3:d0�Q1:95BW+Xu(V<"DI(+�9,/.67d(V7w:97RT�W+XY(V<)Auer�1(+,35�<L53, 9/(VTd.�i=Ow79<LihOz,BZ6:d,BWV:d0� f5/.6`LQS,3<L.67
Td(V5���<>Z679Q1`L5�Z1(+(V<>Z67d(+,+EY�B<>(�ln03.1W+(V5353( � P� ; � + P+p:979T O POC; >A@/>A@	+ P +$(+03Z1(+24(V7&Td(V7R5/(V`>24(V7
¨u79TdWV:95/,3Q17RTs:97RTsO9QS24(V7s(V<L7d(V7s0=<>(V53<LZ1(V7�bc<>03*�:97dZ65 g :d(+0=5=i=O979<L,/,HQ1a DIj��kE�«�:d0_XY(V<>,/(+03(V7
Fk79Q1`0�5/(�XH<>0hTp(V<�7d(�5/(VOd0�(V<�7d8;Q1ihOd(P��<LZ679Q1`LTd(+�R7R<>,3<>.67$|1(+0=Xu(V79T9(+,4%
5 «�Xu(V<Y<L5/.6`�<>(+03,/(CDI(+�9,/.67d(V7�a$<>,�,/0hQ1795/|1(+0=53Q1`L(Va� fa��R:9`�5�Z10 [.1]1(+0$Q1`L5PvSxw}B(+'�29W+X�E"J}k(+' <La�l{53(V:9Td.10=QS�R<�T9<>,N[QS,35/24(+03(V<LihO ? 3A?dB^vED�!�E
5 �k<L( Do(+�R,/.67d(V7�aw[:R535/(V7w(V7-,/Z1(+Z1(V7dZ1(V5/(+,/W+,/( D�Q1T9:97dZs:979T§Z6`>(V<LihOd(V7�CG`LQN|1.6:d0UO9QS24(V7�E�k<L(p<L7-|�QS0h<LQ17z,/(�q�Q15353(pT9<>(V53(+0 Do(+�9,/.679(V7�T9QS038D79<LihOz,�a�(VOd0�Q1`�5 J~}k(+'�|1.67�Td(+0P«�e
q�Q15353(�QS2�Xu(V<LihOd(V7�E
5 «�Xu(V<IA{er�6(+,35H<LaÐl{5/(V:9T9.10=QS�R<LT9<L,N[QS,35/24(+03(V<Li=O ? 3�?VB�vED�!�E
5 �k<L( Do(+�9,/.679(��$WV<>(V7dW�X_:d0=Td(�WV:�JSxzy��903.NDI(+�9,/.67�:R79T�T9<>(�AueH7�QSZ1Z6<L7dZSem¨ ��WV<>(V7dW�WV:
$Sx�y��90=.$A{er�6(+,HQ17dZ1(V7d.6a�a�(V7�E

Fk`L5Y�_7-,/(+03Z10=:97RT$XH:d0hTd(�O POH?Â53<LaP:9`L<>(+03,ua$<>,{l 0-,3O9<�QzM):979T � + P+�?Â53<LaP:9`L<>(+03,ua$<>,{Fki¡(+0hq§��Mu<L7
AY(+,/0=Q1ihOz,�Z1(+W+.1Z1(V7oEo�k<L(V5k5=<L79T�T9<>(�X_<Li=O-,3<>Z65/,/(V7§ln0=.1W+(V535/(1��QS24(+0B7R<Li=O-,kQ1`�`>(1E� f795/24(V5/.67RTd(+03(
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Invariant Mass of the bb System

-1 L = 30 fb∫
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½6ÎS»¸Ø-ÆÇÊ¡ÀmÆ��#� ÀÈâ�Û�ÁÈÆ �kÃ�ÑNÎ�Ý*��½zÆ¡»�& »/Æ+ÁÙØ6Ã9Á�ÊhÊ+Æ�Æ¡ÃRÀ;ÊmÕ�»hÁ¸á¡Ý�À � � Ë+É�- 7 â4ÛPÎ�Ê_ÚRÁÙØ6Ã�Î��4Á�Ê¡ÀGÃ9Á¸á¡Ý-ÀGÃ�Îzá¡Ý �
ÓuÆ¡ÁªÊ+É3Î1»¡â

8ª(VO9`L(V7�O9<>(+0Dln0=.1W+(V535/(kXH<>(B« ���1(+,35Y.�Td(+0ub@b ���1(+,35+��XY.124(V<�a$<�79Td(V5/,/(V795{W+Xu(V<��6(+,35u8/[Q1`L53ihO�e
`L<Li=O9(+03Xu(V<�5/(�Q1`L5�Auer�1(+,35_<LTd(V7-,3<>�9WV<>(+03,DXH:90=Td(V7�E
�kQ15U��<>Z679Q1`B[:92�(+0�T9(Va%�_7-,/(+03Z10=:R79T�<L5/,�<�7�FH2R2R<L`LT9:R7dZsK+x�E���T9QS03Z1(V5/,/(V`L`L,+EI�BQ15P��<>Z67RQ1`)<L5/,
T9:d0=ihO�T9<L(V5/(YFk79Q1`0�5/( ³�¯����! 79Q1i=O-XY(V<L5/2RQS0V�1T9QBTd(+0)�k7z,/(+0=Z10=:979T�WV:UZ103.1]�<L5/,+ES�BQ15)24(VTd(V:d,/(+,
|1.10GQ1`�`>(Va��ST9Q1535�T9<>(�«�(+038ÂQ1`L`L5/XH<�7d*1(V`>|1(+03,/(V<L`�:97dZ 79<LihOz,�Z1(V7-:9,/W+,�XY(+0=Td(V7P*SQ1797�E�F_:d]1(+0hTd(Va�<L5/,
T9<>(�-_.10=a$<>(+0=:R7dZ$Td(+0HQ1`>,/(+0h79QS,3<>|1(V7�j 0��4.1,3Od(V5/(V7�XH<L(�<L7~Td(V7~|1.10=Q17dZ1(+Z6Q17dZ1(V7d(V7§��QS��<>,/(V`L7
79<Li=O-,�a�(VOd0$a�[.1Z6`�<Li=O��nTRQ�TR<>(�}k(V53Q1a�,/WVQ1O9`��90=.�T9:9WV<>(+03,/(+0���<>Z679Q1`L(+|1(V7z,35�79<�i=O-,�2�(V53,3<La$aUe
2RQS0�<L53,+E���,3QS,/,�T9(V535/(V7�*SQ1797!a$Q17t�di=Od0=Q179*1(V7�Q1:d8 T9<>(�bw(+03,/(�T9(+0�lGQS0=Q1a�(+,/(+0 � :979T �
Q17dZ1(+24(V7��)<L79Td(Va a$Q17&T9<L(�')(+0=,/(V<L`L:97dZwTd(+0$<�7z|SQS0=<LQ17-,/(V7&q�Q15353(�Td(V5 > > + P+�� 0�5/,/(Va$58[�+-+����
Q1:9537�:d,/W+,+EdFH292�<L`LT9:979Z$K+x�E! �W+(V<>Z1,�T9<>(V5/(k'nQS0=<LQS2�`>(_8 [:d0DTd(V7��_7-,/(+03Z10=:R79T�:979T�T9<>(BTd03(V<����R<L7
xs��.1�R�R`L:97dZ1(V7oEG«4:95\[QS,/WV`L<Li=O�<L5/,PT9<>(�l 0�,3O9<LQ�e¢��<�a�:9`�QS,3<>.67�Td(V5$��,3Q179TRQS0=T9a�.�Td(V`L`Ùemjk<>Z1Z65�Q1`L5
l{:97d*�,/(�a$<>, Cd(VOR`>(+032RQ1`>*1(V7~(V<L7dZ1(+W+(V<LihO97d(+,+E

�k<L(�')(+0=,/(V<L`L:97dZ1(V7&5=<L79T�79<Li=O-,�Q1:d8H(V<�7d(�(V<L79Od(V<>,3`�<Li=Od(�F_79WVQ1O9` Q17&¨n03(V<LZ679<L535/(V7t7d.10ha$<>(+03,+�
5/.679Td(+0=7�5/�R<L(+Z1(V`L7§T9<>(�,3QS,35\[Q1i=O9`L<�i=Ow(+03XDQS03,/(+,/($Fk7dWVQ1O9`�8h[:d0 � /�KP:R79T � /UKPXH<LTd(+0VEo£k24(+0/e
O9Q1`>2�|1.67&[�+"+���� /�JSx1xB}B(+'Ò5/�R<>(V`L(V7�Td(+0��k7-,/(+03Z10=:979T�:979T�T9Q15G�9q�emjk<>Z1Z65�*1(V<L7d(u©H.6`L`>({a$(VOd0VE
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Invariant Mass of the llbb System

-1L = 30 fb∫
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½zÆ+Ã�Æ¡Ã§ÚSÕ�ÁªÃ��UÌU¼hÕ6Õ!� ¾�Ã-Ø-Æ+Ã�âIÛ�ÁÈÆsÄ�Æ¡»¡ÀmÆ¡Á#� ¾�Ã-Ø�Æ¡ÃsÊhÁ;Ã�½pÃ9ÁÂá+Ý-ÀuÎ1¾ÇËUÆ¡Á;Ã�ÆUÆ¡Á;ÃdÝ�Æ¡ÁÂÀ"� ÁÂá+Ý�Æ��kÃ�ÑNÎ�Ý*�
ÎSÃ & �SÆ¡Ã�À;ÊUÃ�¼S»hÍUÁÈÆ¡»¡À;ÜHÊ+¼SÃ�½zÆ+»hÃÒÎS¾¡Ë�½SÁÈÆ_Ë à¾�»�½1Á¸Æ . Æ¡ÓuÆ+Á�� ÁÙØ�Æ�ÌU¼ÇÕ6Õ!� ¾�Ã�Ø�Æ¡»ÇÓ{ÎS»¡ÀmÆ+ÀmÆ��kÃ�ÑVÎ�Ý*� Ü
½SÁÈÆuË à¾�»�½1Á¸Æ�Ý �hÕ�¼6À;Ý�Æ+ÀÂÁªÊ¡á+Ý�Æ¡Ã 
�Æ¡Á#�>á¡Ý�Æ+Ã�ÓuÆ+Á;À{Ý à¼�ÝdÆ¡» � ÁÈÆÈØ6ÀÈâ



� ���

� �����G°Â²�³�´ � /UKS� � / � /Bx � /UKS� � / � /Bx � /UKS� � / � /Bx �k7-,/(+03Z10=:979T
� ����¯;´�³�¯������  d�LK ��K�!�KS� x K1K�$�� x ���LK

# �R®$��°Â°���·���¶¸·9¹ & »hÓ{Î1»ÇÀmÆVÀmÆ��kÃ�ÑVÎSÝ*��ÎSÃ &D»3Æ¡Á>Ø1Ã9ÁªÊ=ÊVÆ¡Ã§Á;Ãd¿ � ¾�ÊhÁ#�SÆ ��ÃRÀmÆ+»ÂØ6»h¾�Ã�½_Ë à¾�» [^] ��	 � �
��Æ9Ä�¾�Ã�½ [�+"+���� : JSx1x ��ÆRÄ�¾�Ã�½�½zÆ¡»PÆ+»hÓ{Î1»ÇÀmÆVÀmÆ ��Ã�ÀmÆ¡»¸Ø1»Ç¾�Ã�½�Î����LÆ¡Á;Ã�ÆNâ

�k<L(�(+03XYQS0=,/(+,/(�F_79WVQ1O9`�8h[:d0 T9<>(�Td03(V<o����<L7�emxUj 0��4.1,3Od(V5/(V7�<L53,�<L787�QS24(V`L`>(�K+x�ELK�Q17dZ1(+Z1(+24(V7�E
£�5�(V7R53<Li=O-,3`L<LihO�53ihO9`L<>(+]1,GT9<>(YAY(+.12RQ1i=O-,3:97dZ�|1.67U7�:d0�XY(V79<>Z1(V7U¨{|1(V7z,35)a$<L,�Od.6Od(+0,> > + P+uq�Q15=5/(
Z103.1]1(�bw(+03,/(�8 [:d0 � :R79T � Q1:95+EI}k(V7RQ1:d(+0�Z1(V53QSZ1,�<L5/,BTd(+0�Fk:95353ihO9`L:9535_|1.67 T	7�(V<L`LihOd(V7
a$<>, [�+-+���� : JSx1x�}k(+' T9<>03(+*�,�[:92�(+0h5/(+,/W+2RQS0D<L7�(V<�7d(�£B2�(+0=Z103(V7dW+(H8Ç[:d0 � :979T � ER��(V<L(V7 T,7�:979T T,7X T9<>(�(+0=XYQS03,/(+,/(BFk7dWVQ1O9`RQ17���<>Z67RQ1`>(+|1(V7z,35{8h[:90 � /UK�2RW+X�E � /UK_:979T�*���TR<>(HT9:d0hi=O
T9<>(�q�(V5353:97dZs(+0=a$<>,/,/(V`L,/(�£k24(+03Z103(V7dW+(�Q17�¨{|1(V7z,35PWV:�(V<�7d(Va%')(+03,/0hQ1:d(V795379<L|1(VQ1:	�I��T9Q1797
<L5/, T9<>(�£k24(+03Z10=(V7dW+(�Q1:d8 � :979T � Z1(+Z1(+24(V7�TR:d0=i=O�%

� B *��
T 7�
:R79T � B *
�

T 7X ?fK+x�ELKNM
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�����	������U��+����������"�-f*0 5 ���	,-���S,e1*2

�����	������U��+����������"�-f*0>
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5 ����,-��� 5 Di0V
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��������������c'
F1*2

�����	������ED��"���"���o = 0V
����	�������Ec�
L132 ��� ���"� � ����� � ��� 5 ���	�S
 5�� � = &"K��! e��� gF� � 5

[/2



� � �

� �I;M?
D �@H 2
�"�	���	� +��"�	� � �"��� . +��	,-� � ��
����	���������
��� � � ��(���� � ��$��	������� �*) ��h�	�����TH� � ��� �� �

+	��,-� � �/.
+��"��� � �"���R0!1*2 ���	4 ��� ��5 �"� 5 $�� � ���	�"�$����

��� B��"�	� � �"���TQ�� 5 � 4 �"� = � � � ��5 ���L�"������� �
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���	4 ���"�"�e������� = � �-� �6�e��������� �
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#� ��5h4 ���	K � � � Q�������i0 ��� � � 1�� @ N�K � � � Q	�	���"� X	� 2\[
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�!� ��
��"�� ���� ? � 0`1��������"��� ��@ N"
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# � �������	�S+��"��� � �"���hf � ����B��"��� � �����R0 �!� ���L1������"����� � �"o m	m 2\[
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5 ����,-����(�Di0!1������"����� �O@ N"(�DZ2\[

�	��� � � ��� � ����� 5�� �TH�� � ��� �� � � ��5 ] � ,�� � � gF� �� � = �� ) �F�6$
# � �������	� 5 ����,-��� � � � ���������R0!1������"����� ��� Y�2V[

�	� D ) �F�6$]���,�� 5 ����H�� � ��� �� �-� K ��= �� �� 5 ����H� � ��� �� �
# � �������	�S+��"��� � �"���hf � ����B��"��� � �����R0 �!� ���L1������"����� � �"o m	m 2\[
# � �������	� �!� � � ��������� � B����	� � �������e0!1������"����� �
	 2V[
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#�� ��5'4 �"�	
��"�� ����/0:+-���	� � �����Tf�
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;2\[/2
+-�"��� � ������fE
��"�" ��"�i0!1��"������� �S@ N�
����� ��"�82V[

�	� � ���"� < � @ �L�	� ��= ���G ) �L��$�]	��,�� � 7 g � �	�h5 ���hk	�"� � �	�	� � G ) ��� 5 ���
�	� H�� � ���! �� �j���	% 
 �`@ +-��� @ � � � � ����� � �6� 7�	 ��� � �6�
# � �������	� �!� � � ����� < �e0 ��� � �!�% 
F1��������"��� ��	 2V[
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�!� � ����� � B����	� � �������30`1��������"��� � B @ � 9 2V[ �	� K ��= �6 -� 5 ���']	���!+�� � �� ��"�	�� � H�� � ���! �� �
��� �-����= � �3) ��]	� ��� ���L�"������� � � �!� ����H�� � ���! �� � �
�!� �'K 5	5 B��"��� � �"���R0:+-���	� � ������f�132
+��"��� � �"���hf � ����B��"��� � �����R0 �!� �L132

���"m*) ������ �� �'5 ���O]	���"� @ �� ��� #�� � �F������6$L�
#� ��5 Q���	�"�/0!1���B @ � 9	X�	 2 @ N J � � ]" �� X � Y�2>[

���	4 ��� = � � � ��5 �6�e�6]��,�� �h5 ��� � � gF� �� �F� � ��5�5 ��� @ � 9��A@ �	��� � � � g-� �! ��F�
#� ��5h4 ��� J � � ]" �i0 5 ����,-��� g 1�� @ N J � � ]" �� X�g 2\[
5 ����,-��� J � � ]" �i0!1��"������� ��@ N J � � ]" �82\[
#� ��5h4 ����_�� 9�J � � ]� ��i0 5 ���	,-��� g 1�� @ N�_�� 9�J � � ]� �� X"g 2V[
5 ����,-���O_�� 9"J � � ]" �i0`1��"����"��� �S@ N�_�� 9�J � � ]� ��;2\[
#� ��5 D�� J � � ]" ��/0 5 ���	,���� @ 1�� @ N J � � ]� �� XE@ N J � � ]� ��Mf @ 2\[

��� K��e��]	��,�� �^�A@ K�������_�Q�
��"� @ �"� �!� 
 � ����� 5 ��� 4 � 5 a6���
#� ��5 K��"�"� � � @ +;0 � � �6�����	� @ f��6�e�132
#� ��5 K��"�"� � � @ +;0!132

��� K��e��]��,�� �`@ K��"�"��_�QE
���� @ ����+-�6�e� � � gF� �� ��
#� ��5 K��"�"� � � @ + J � � ]" �i0\� � ���	��� @ f��6�e�	1��	[
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�	��4 ��� = � �h5 ��� � #�� � �-�6����6$F�
#�� ��5'4 �"� 4 ������$;0 � #�� � � 4 ����6$'f����	1�� @ N ��4�X ���I2V[
� #�� � � 4 ����6$Mf 4 ����6$i0!1������"����� �O@ N ��4 2\[

�	��4 ��� = � �h5 ����(��� @ �RY � �"��B	�����"���	� @ � � ��]�"�M����� = � 5 � �	�M5 � �
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,��� @ fE(��	� @ 0`1��������"��� �O@ N�,��	� @ 2\[

�	��4 �����	�� �'5 ��� � � = ����]�� � ]U� ��� ��� � #�� � �F�
��� � ?`�L� � � #� � �i0!132
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